CIHM 
Microfiche 
Series 
(l\/lonographs) 


ICMH 

Collection  de 
microfiches 
(monographles) 


Canadian  Institute  for  Historical  Microreproductions  /  Institut  Canadian  de  microreproductions  historiques 


Technical  and  Bibliographic  Notes  /  Notes  techniques  et  bibliographiques 


The  Institute  has  attempted  to  obtain  the  best  original 
copy  available  for  filming.  Features  of  this  copy  which 
may  be  bibliographically  unique,  which  may  alter  any  of 
the  images  in  the  reproduction,  or  which  may 
significantly  change  the  usual  method  of  filming  are 
checked  below. 


\y\ 


Coloured  covers  / 
Couverture  de  couleur 


I      I    Covers  damaged  / 


Couverture  endommag^e 


□   Covers  restored  and/or  laminated  / 
Couverture  restaur^e  et/ou  peiliculde 

I         Cover  title  missing  /  Le  titre  de  couverture  manque 

I I    Coloured  maps  /  Cartes  g6ographiques  en  couleur 

□    Coloured  ink  (i.e.  other  than  blue  or  black)  / 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 

I      I    Coloured  plates  and/or  illustrations  / 


n 


D 


n 


Planches  et/ou  illustrations  en  couleur 


Bound  with  other  material  / 
Reli^  avec  d'autres  documents 


Only  edition  available  / 
Seule  edition  disponible 

Tight  binding  may  cause  shadows  or  distortion  along 
interior  margin  /  La  reliure  serree  peut  causer  de 
I'ombre  ou  de  la  distorsion  le  long  de  la  marge 
int6rieure. 

Blank  leaves  added  during  restorations  may  appear 
within  the  text.  Whenever  possible,  these  have  been 
omitted  from  filming  /  Use  peut  que  certaines  pages 
blanches  ajout6es  lors  d'une  restauration 
apparaissent  dans  le  texte,  mais,  lorsque  cela  6tait 
possible,  ces  pages  n'ont  pas  6t6  film6es. 

Additional  comments  / 
Commentaires  suppl6mentaires: 


L'Institut  a  microfilm6  le  meilleur  exemplaire  qu'il  lui  a 
^t6  possible  de  se  procurer.  Les  details  de  cet  exem- 
plaire qui  sont  peut-§tre  uniques  du  point  de  vue  bibli- 
ographique,  qui  peuvent  modifier  une  image  reproduite, 
ou  qui  peuvent  exiger  une  modification  dans  la  m^tho- 
de  nonnale  de  filmage  sont  indiqu^s  ci-dessous. 

Coloured  pages  /  Pages  de  couleur 

I      I   Pages  damaged  /  Pages  endommag6es 


D 


D 
D 


D 


Pages  restored  and/or  laminated  / 
Pages  restaur^es  et/ou  pellicul^es 


0   Pages  discoloured,  stained  or  foxed  / 
Pages  d^color^es,  tachet^es  ou  piqu^es 

Pages  detached  /  Pages  d6tach6es 

I  \A   Showthrough  /  Transparence 


Quality  of  print  varies  / 
Oualit^  inegale  de  I'impression 

Includes  supplementary  mai/^   , 
Comprend  du  materiel  suppu .    .  .  .ir<r 

Pages  wholly  or  partially  obscur'  •  errata  slips, 
tissues,  etc.,  have  been  refilmed  to  ensure  the  best 
possible  image  /  Les  pages  totalement  ou 
partiellement  obscurcies  par  un  feuillet  d'errata,  une 
pelure,  etc.,  ont  6t6  film6es  a  nouveau  de  fafon  k 
obtenir  la  meilleure  image  possible. 

Opposing  pages  with  varying  colouration  or 
discolourations  are  filmed  twice  to  ensure  the  best 
possible  image  /  Les  pages  s'opposant  ayant  des 
colorations  variables  ou  des  decolorations  sont 
fiimees  deux  fois  afin  d'obtenir  la  meilleure  image 
possible. 


This  item  is  filmed  at  the  reduction  ratio  checked  below  / 

Ce  document  est  film*  au  taux  de  reduction  indique  ei-dessous. 


10x            14x            18x            22x 

26x            30x 

~v 

12x 


16x 


20x 


24x 


28x 


32x 


The  copy  filmed  here  has  been  reproduced  thanks 
to  the  generosity  of: 

Harriet  Irving  Library 
University  of  New  Brunswick 


L'exemplaire  filmd  f ut  reprodult  grfice  d  la 
g6n6rosit6  de: 

Harriet  Irving  Library 
University  of  New  Brunswick 


The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  keeping  with  the 
filming  contract  specifications. 


Les  images  suivantes  ont  6t6  reproduites  avec  le 
plus  grand  soin.  compte  tenu  de  la  condition  et 
de  la  nettetd  de  l'exemplaire  filmd,  et  en 
conformity  avec  les  conditions  du  contrat  de 
filmaqe. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  back  cover  when  appropriate.  All 
other  original  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrated  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


Les  exemplaires  originaux  dont  la  couverture  en 
papier  est  imprim6e  sont  filmds  en  commenpant 
par  le  premier  plat  et  en  terminant  soit  par  la 
dernidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration,  soit  par  le  second 
plat,  selon  le  cas.  Tous  les  autres  exemplaires 
originaux  sont  filmds  en  commenqant  par  la 
premidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration  et  en  terminant  par 
la  dernidre  page  qui  comporte  une  telle 
empreinte. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  — •-  (meaning  "CON- 
TINUED"), or  the  symbol  V  (meaning  "END"), 
whichever  applies. 


Un  des  symboles  suivants  apparaitra  sur  la 
dernidre  image  de  cheque  microfiche,  selon  le 
cas:  le  symbole  -^^  signifie  "A  SUIVRE",  le 
symbole  V  signifie  "FIN". 


Maps,  plates,  charts,  etc.,  may  be  filmed  at 
different  reduction  ratios.  Those  too  large  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  as 
required.  The  following  diagrams  illustrate  the 
method: 


Les  cartes,  planches,  tableaux,  etc.,  peuvent  dtre 
filmds  d  des  taux  de  reduction  diffdrents. 
Lorsque  le  document  est  trop  grand  pour  dtre 
reproduit  en  un  seul  cliche,  il  est  film6  d  partir 
de  Tangle  sup6rieur  gauche,  de  gauche  d  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  ndcessaire.  Les  diagrammes  suivants 
lllustrent  la  mdthode. 


1 

2 

3 

1 

2 

3 

4 

5 

6 

MICROCOPY    RESOLUTION   TEST   CHART 

(ANSI  and  ISO  TEST  CHART  No    2l 


1.0 


I.I 


1.25 


'-iia 

1^ 


!|3.2 


1^ 


1.4 


2.5 
2.2 
2.0 


||lj£ 


1.6 


A  /APPLIED  IM/1GE     Inc 

^S  Rochester,    New    'o'k         '6^03        UjA 

.^S  (7561    *82  -  0300  -  t^i^one 

^aS  (716)    288  -  '^'JS^    -  fa« 


■m 


W\ 


UPP 


'UnPiSf 


a 


^ 


Ufii 


ENGINEeRING    SOCIETY    OF    THE 
UNIVERSITY  OF  NEW  BRUNSWICK 


CONSTITUTION  .. 

..  and  LECTURES. 


1902  - 1904. 


CON  T  BAITS. 

OflScers  and    Metobeis  of  Society,       1 

Ckmatitution, S 

Notes  on  Railway  Work, 

By  Wm.  B.  MacKenaie,  C.  E.   . .  . .     9 

Constroction  of  the  Fish  River  Branch  of  the  B.  k  A., 

By  Moees  Burpee,  C.    fi *1 

Relation  of  Geology  to  Engineering, 

By  L.  W.  Bailey,  Ph.  D.,  F,  R.  S.  C.     . .     56 

Railway  Constraction, 

By  F.  W.  Holt,  C.  E 76 


Wm.  M.  Clark,  Printar,  fioif  letow. 


k 


^.^^^>X 


T 


Officers 

Of    the     Engineering    SeeUty 

FROM  THE  TIMB  OF  ITS  FORMATIOM. 


Hon.   Presideni,    Hod.  J.  B.  Snowball. 
President,    H.  S.  Devlin. 
Vice-President,    A.  T.  Wilson. 
Sec.-  Treasurer,   G.    E.    Howie. 
Rec.  Secretary,    A.   R.  Crooksha 

1902  -  1903. 

Hon.  President,    Hon.  J.    B.  Snowball. 
President,    A.  T.   Wilson. 
Vice-President,    E.  R.  Chestnut. 
Sec.- Treasurer,   C.  McN.  Steeves. 
Rec.  SecreUry,    E.  S.   Dibbiee. 

1903  - 1904. 

Hon.  President,    Hon.  J.  B    Snowball. 
President,   A.  K.  Grimmer. 
Vice  President,   G.  B.  Whitehead. 
Sec-Treasurer,   C.  McN.  Steevea. 
Rec.  Secretary,   O.  H.  Burnett. 


S? 


:*^* 


%5£- 


AUt-ix  ■ 


Officers  of  Society. 

1SOA-10OS. 

Hon    I'reHidtint,    lion.  J.  It.  SdowImII. 
I'reMident,     M<>»e«  Murpee,   C    E 
1st  Viie  Pres.,  <J.  H.  Whiteli   .d. 
L'tid    Vice  Pres  ,    VV.  K.  Tritei*. 
TreHsiirer,  C.  P.  ^Vri^ht. 
SocretHTy,  K.  .-i.   Dunphy. 


Members 

Of  Society,  •  -elu*lv«  of  Students. 

ItilkHiii,  H.  McL..  Chief  Engineer,  N.  B.  0  A  R.,  Chipman. 
HnrlKiur.  V.  A.,  T.  K. 
Hirker.  R.  S. 
Brown,  (liliiiore,  C.  E. 

BurjH;*-.  Motes,  Chief  EnKiiieei  B.  &  A.  R.,   Houlton. 
Biirpei',  T.  C.,  AssisUut  Eiii^iiU'L-r  T.  C.  U  .  Moiicton. 
Brydone  Jack,  K.  E..  C.  E  ,  Prnf.  EoKineering.  V.  N    B. 
Biifh,  H.  D,  Chief  Enttimer  Bdtiiiioio  Bridge  Co, 

UovliD,  H.  S.,  B.  Sc.  B.  A    I. 
Dibblee,  C.  F.  K. 
Uixon,  Stephen  M.,  M.  A. 
Duw    K    F. 

Kastinnu,  H.  M.,  B.  A.  I. 

Fnidshiim.  Win.  F.  B.,    B.  A    1 
Freeze.  R.  St.  John.  B,  A. 

Hnrrisou.  Thos,,  LL.  D,.  Chancellor  V.  N.  B. 

lUrnsud,  Wm  ,  M.  A.  L.AsHt.  Eii«    Public  Works  Dept, li'rederictek 

Hanson.  A.  E.,   D   L.  S. 

Holt.  F.  W  ,  C.  K. 

•Isrdine,  Hua;h. 

La  Billois,  Hon.  C.  H. 
Legere,  J.  A.,  B.  A.  I. 


LIST    <it     MKMMKRh. 


I,.<ntl. 


.1    S  .  It.  \    I. 


Will    I'.  .  rhi.f  Kii«iiit»i  I  *'    H  .  Mniicton 


l,<'m<i,  I'  <■ 

.M;ti  Kt'll/ii'. 

MoLfllHii.  H.  W. 

Milt'N.  ('    Ia>U 

McVi.y.  A.  <". 

MiiidocU,  Will, 

McMuiiiiUN  .1.  W  ,  IV  A    [  , 

lVU>r«,  Kurd,  <  ify  Kiit{ineti.  St    .loliii,  N    K 
Kuet.  .1.  A. 


Selii^,  A.  (' 
Shirley,  K.  H.,  I«   A 
Smith,    Per.y  H 
Stevenrnm,  Hiiiry 


Scaiunie 


,11, . I.  K..  C.  K 


So.tt.  A.  M..  I'h.  I)  ,  I'lof.  KlecincHi  Kll^  ,  V    N    H 

ThoinHM.  .1.  II  .  II    A.  I. 
ThIhii-.  D.  C 


WetiiKire,  A 


H.,  ('.  K  ,  Km;    ruhlic  Wdiks  l)fv>t..  Fivderictoii 


Wilson,  A.  T  .  n.  A    I. 


CONSTITUTION 


OF  THE 


Engineering   Society 
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tiNIVEPSITY  OF   NEW  BRtlNSWICK. 

I  A>l<>|it<'<l   .IkiKinrv   H'tli,  IIMH). 


Airirci.K  I 


VAMK  ANH  0»UK(;T. 


.S'r-.  /      The  iiinio  of    tlm   .S'»ifty  sliill    >iti:     Tm-    K'luiin'crinj; 
Society  of  tlic  lliiiveisit v  <>f  New   llruiiMwick. 

Srr.  .?.    -Thf    i.hjects  of  (lie  Society  xlillll  !)«•  : 

(ii)  The  ii(lv,inrein(iit  of  tlie  knowled^'p  of  Ktiaii tiiiv'  S?c-ipiic^i 


ill  the  Maritime  Pto\inees 
(/»)  The  fon<luctiii);  of  exj'Primen 


tal  Htifl  rt'seiirili  work  ariil  th 


iriveNti!»fttion  of    eiij;ni«'nii'»    iiia>eri!ils    and   mi(>J)IH's 


in    th< 


'rovuices. 


('•)  The  pruinoMon  of  incrpasod  inteiPNt  'tn;iii"«rin<:  S<  ieiu  e 

amoiiu  the    uiuler<:riKluHleH  of  ii.e  Ifn.       sity  of  Now    Hmi 

Hwiek 
(f/)  The   fultiviition    of  n    high    HiHuUnl  of   erii;iTieeriM<;    ttinl 

iurveyiiig  work  ai    .  ((er.Rince        .uixoyorM  nnd  oiii;inperin>» 

stu  Jpnfs. 
(f)  Thp  fonnirii;  of  ii  IkiikI  of  iniioii  Ix-tween   ijrafluiitPM,  imder- 

','i.itliiiite-i,    t  iijjiiierr-.  Mild    >,urN(\tii>  Iiiii;;    in  tin    NJiiiiiio.; 

Provinces. 

ARTTCI.K  II. 

MEMRKRaHIP. 

Sec.  1.  -The  oorp(»rate  or  witins;    m- iiihers  sUnW  Iw  d'  ~ii?n«te<J  nm 

follows  :  - 

(a)  Senior  Members 

(6)  Junior  MeinUini.  * 

('•)  Student  Meinfier.H. 


rONSTITUTIOV. 


.SVr.  i?._There  shall  also  he  cnnected  with  thesocietv,  Hunorary 
Moinbeis,  Asw>ciat«s  and   Fellows. 

ARTICLE  III. 

ADMISSION    TO    MEUHEKSHIP. 

.V«T.  /.—Se;ii<;r.Membei-s  must  havehadatieast five  yearsexperience 
in  their  profession,  or  must  liave  been  engaged  for  five  years  as 
piofessors  in  the  teaching  of  enginwiring  subjects  at,  an  Kngineeriug 
ScluK)l  of  recognized  standing,  and  who,  in  the  opinion  .,f  the  Board 
of  Management,  are  t|ualified  as  such. 

A  diploma  from  an  Engineering  Sch.wl  of  recognized  standing 
will  be  considered  as  equivaleat  to  two  ye^.s  practical  work. 

.SVr.i?.- -Junior  members  must  have  graduated  from  an  Engineer 
ing  S,di(K>l  of  recognized  standing,  or  have  hac)  two  years  practical 
work. 

Sec.  A— Student  members  nmut  l)e  students  of  the  Uni-ersity  of 
New   Brunswick. 

.S>.'.  ;.-  Honorary  Members  must  be  of  a«;knowledged  eminence 
in  some  branch  of  engineering  or  .m,st  have  had  charge  as  head  of 
engineering  enterprises  or  works 

Sec.  5  -Fellows  shall  be  those  who  have  contribute*!  to  the  objects 
ot  Wwiety  by  delivering  lectures,  or  by  assisting  in  i..ves(igation8,or 
by  co.itribut.ng  to  the  Society,  and  who  do  not  w.sh  U>  becoine 
active!  members. 

St.  6.  -Associates  shall  be  those  who  have  b^n  interested  in  or 
connected  wit!,  engineering  works,  and  who  are  able  to  aid  the 
Society    in    its    invesiigationj    of   engineering    work,  materials,  or 

supplies. 

Sec.  ^.-Student  Meiubers  shall  become  Junior  members  up..n 
li.eir  gia<i,.ation  from  the  University  of  New  Brunswick  ^nd  f„r 
iransition  from  Junior  to  Senior  Membership,  application  must  be 
made  to  ilie  Board  of  Management. 

ARTICLE  IV. 

KLErriOV    OF    MEMBERS. 

Se.:  I.     The  names  of  all  .andidates  as  Senior,  Junior,  or  Hon- 
orary Meuibcrs,  Folio .V,,  o.    Associates  shall  be  sent  to  the  Secre- 


rOXSTITUTION. 


t/iiy,  at  least  tw(,  weeks  before  a  iiieetiiij,'  of  the  Society. 

S>',:  2.  The  names  of  all  candidates  must  be  approved  by  the 
linaid  of  .Manaf;ement  before  they  are  submitted  for  election. 

•V-r.  .;.  The  names  of  all  candidates  appr.,ved  by  the  Hoard  of 
Mana-emenl  shall  [ye  submitted  by  the  Secretary  f<ir  election  at  the 
first  regular  meet.itig  after  said  approval. 

See.  .;.  For  ele<-tion  as  Senior,  Junior,  or  Honorarv  Members, 
Fellows,  or  Associates  a  two-thiids  vote  of  those  present  at  th,' 
meeting'  will  be  retjuiied. 

.V-.  .;.  All  members  who  are  two  years  in  aneavs  of  fees  will  l„- 
dropped  from  membership  unless  they  pay  all  back  fees  within  two 
months  after  receiving  notice  that  their  names  may  be  droppe.l  ... 
accordance  with   this  section. 

ARTICLE  V, 

OFFICERS  AND  BOARD  OF  MANAC.KMENT. 

•Vw.  ;.     The  olHcers  of  this  Society  shall  be  as  follows  : 
Honorary   President, 
President, 

First  Vice-President, 
Second  Vice-P.e.sident, 
Secretary, 

Recordinpr  Sec.etary, 
Ti'easui-er, 
Assistant  Treasurer. 

•SV  '.-There  shall  be  a  Boa.-d  of  Management  consistin.^  of  the 
Prestdent,  the  First  and  Second  Vice-Preside,.ts,  the  Secretary  the 
IWding  Secretary,  the  Treasurer,  the  Professors  of  Kn^Mneering 
at  the  Ln.versity,  one  S.nior  and  one  Junior  Member  of  the 
Society,  the  Dea.i  of  the   Kncjine^ring  Faculty  boinj;  chairman. 

Ser.  ./.-There  shall  be  two  Auditors  elected  at  the  regular  ,neet 
injj  in  October. 

ARTICLE  VI. 

Dl'TTES    OF   OFFICBR.S    AND   TERMS    OF    OFFICE. 

S"...  /.-The  position  of  Honorary  President  shall  be  purely 
honcary,  and  he  shall  preside,  when  present,  onlv  at  lecture-  a-.d 
•  liscussions  aiising  therefrom. 
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>W<v  /.—The  President  sluill  |)iesi<Jo  at  all  busino.ss  mi-etings,  and, 
in  th,.  absence  of  tl.e  Honorary  Pre.si.lent,  at  lecturer  and  discussions'. 
The  President  slmll  ho  a  Senior  Member. 

>■'-•.  -.'.The  First  Vice-President  shall  perform  the  duties  of  the 
President  in  his  abserue.  He  shall  l)e  a  Student  Member  of  the 
Senior  undergraduate  class. 

■SV,-.  4_TheSecon<J  Vice-Presi(lent  shall  perforin  the  duties  of  the 
President  in  tlie  alrsence  of  Iv.tii  the    President  and  tl.e  First  V'ice- 
President.      He  shallbe    a  Student    Member  of  the    lunior    under 
graduate  class. 

S.c.  5. —The  Secretary  sIkiII  keep  a  complete  list  of  all  member'*, 
s-.-nd  out  all  notices  .,f  meetings  and  elections,  an.l  send  out  baliot.s 
when  required.  He  shall  have  charge  of  all  publications,  and  will 
be  assisted  in  his  duties  by  the  Ilec.rding  Secretary.  He  shall 
be  a  Student  Member  of  the  Sophomore  class. 

.SV,..  <;— The  Recording  Secretary  shall   take  minutes  of  all  meet 
ings  of  the  Society  and  Board    of  Management,  with  a    list  „f  thosr 
in   attendance.      He  shall   be  a    Stuilenl  .>rember  of   the    Freshmai* 
ilass,  elected  at  the  regular  Octobei   meeting. 

S'-c.  /.—The  Treasurer  shall  attend  to  the  collection  of  all  fees 
sending  out  notices  for  .satw,  etc,,  and  aiten.l  to  the  payment  of  all 
bills  when  authorized  by  tho  Bi«rd  of  Management.  He  shall 
prepare  and  .submit  to  the  Auditors  some  time  before  the  annual 
meeting  in  April  a  statement  of.  receipts  and  expenditures.  H,. 
shall  Ix'  a  Student  Member  of  the  Junior  o.   the  Sophomore  classes.' 

iiVr.  ,V.-  -The  Assistant  Treasurer  shall  ai-l  the  Tre.isui.r  i-i  tlie  per 
formance  of  the  duties  of  that  o(ti..-e.  He  slmll  Ih.  a  Student  Mem 
In-v  of  the  Freshmii*   class,  elected  at  the    reg.dar  October  m  v>ting. 

Ser.  .'/.    ^The  Hoard  of  Management  shall  pass  upon  all  can.lidaies 
f..r  n>embership  in,  or  for  connection  with  the.Surieiv,  and  deiermine 
the  status  of     .i-h    member    and  sha'l    arran-e   for    any  re-i,lar  <,r 
special  tneeting  and  arrange  all  biisirie-s  for  si,,,,,,  ,ui  I  mike  ,u  cuige 
ments  for  lectures  and   publi Mtions. 

The  Board  of  Management  sb.ill  p.^ss  upon  and  iMttliuri/e  ,,,-,y,„t.,„ 
of  all  bills,  and  in  geneial  attend  to  all  business  of  tbe  .Society. 


^ONsTmmoN.  7 

SW.  JO.    -The  AudiKnx  slmll  audit  all  a-ounts  and    report  *t  the 
meeting  in  April. 

Sec.  /l.—AU  ortJcers  sliiill  cwutinuo  in  otKce  until  their  successwM 
are  elected. 

ARTICLE  VII. 

VOMIN.ATIO.V    ANU    KLKCTION    UF    OFFICERS. 

6V.  ;.— All  (ilhuers  shall  be  elected  hi  a  meeting'  to  be  called  bv 
the  Pre>i(Jent  or  either  of  the  Vice- Presidents  at  such  a  date  in 
April  as  may  be  convenient,  notice  of  the  date  of  meeting  beini? 
-iven  two  weeks  in  advance.  (This  secti<.n  shall  not  apply  to  the 
othces  of  llecording  Secretary  and   Assistant  Treasurer.) 

S-r.  .>.- All  offi.jers  shall  be  elected  by  a  plurality  of  votes  cast. 

^''v.  J.— All  otHcers  except  the  President  shall  be  nominated  at 
the  njeeting  hel.l  for  election  of  Otfic -rs.  Election  by  ballot  shall 
succeed  nominal  ioti. 

Sec.  i.^^A   n«otion  that    nominations    close  will  not    be  in    r.nler 

until   after   the  expiration  of  one  minute  from  the  time  of  the    last 
nomination. 

AVr.  ./-.--The  Presiflent,  who  may  beany  Senior  Membei',  shall  Iw 
fleeted  by  a  plurality  vote,  the  votes  bein^  cast  either  by  letter 
ballot  or  by  ballot  of  those  pre.sent  at  the  meeting. 

Letter  ballots  must  contain  the  tiame  of  the  voter  as  well  as  the 
name  of  the  pei-so.i  voted  for.  These  ballots  will  be  on  a  special 
form  furnished  by  the  8ocijty. 

ARTICLE  Vin. 

MEKTIN<;.S, 

,sVe.  A-Regular  meetings  shall  be  held  in  ih^  Museum  of  the 
hnj;,neenng  Building  or  i„  the  Library  of  the  Arts  Buildin-^  at  the 
I  nivers.ty,  on  the  evening  of  the  third  Friday  of  October.  Novem- 
ber, January.  February,  March  and  April,  or  on  such  date  in  the 
months  as  may  be  .leemed  cmvenient  by  the  Board  of  Management. 

6V.  J. -Three  days  notice  being  given,  special  meetings  shall  Ik. 
called  by  the  President  or  one  of  the  Vice-Presidents  at  the  written 
■  equest  of  H>.e  (-.)  iceinbers 
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fOXSTirUTION. 

S'r  .!. — Otu' third  of  the  student    membiTshi},  shall    constitute  ii 
<|Uuruiii. 

S''r.    ',.  —  rilL-  omKt  of  business  at  the  nu'etin^s  slmll  be  ; 

(1)  Heailin^  of  Minutes. 

(■-')  Col  lespondenoe. 

(■'t)  Uepoits  of  Cornniitltes 

(4)  Unfinished    Business, 

("j)  New  business. 

(6)  Elcetion  of  .Meinbein. 

(7)  Notices  of  .Motion. 

(''^)   r.rf'cture  anri    Discussiort. 


AHTICLK  W. 

AME.NDMK.Vr    AND    NKVV    Kl'LES. 

aS<i'.  /.  ^11  irew  rules  and  aniendnisnts  to  those  at  jxesojit  in 
force,  slia.i  letiuire  a  two-thiiils  vote  of  thone  pieseni  at  h  meelirifj 
in  order  to  become  laws  „f  ibe  Society. 

.*>'''•  .-When  any  chanae  in  constitution,  amendment,  or  new 
law  is  to  be  made,  notice  of  the  same  must  be  posted  at  leasr  one 
week  before  »'  e  meetin;,'  at  wiiich  the  same  shall  be  voteil  upon. 

ARTICLE  X. 

FEES. 

Sf-''.  1.  -  The  Fees  for  Senior,  Junior  and  Student  Members  shall 
be  $1.00  per  yecr,  payable  at  or  before  the  regular  January  meetin". 

.sV;c.  Z. —  No  fees  wil!  b(!  charjjed  to  Honorary  Members,  Kellows, 
or  Associates. 

.S^'''-.  ■>'.  -A  remission  of  fcc^  for  one  ye:ir  will  be  grunted  ii>  ail 
members  who  delivered  lectures  before  the  Society  durinu'ihat  year. 

Sec.  Jf.  Members  who  by  reason  of  distance  froni  the  place  of 
meeting  are  unable  to  attend  any  of  the  mei  tings  for  one  vear  will 
be  entitle(i  to  a  lemission  of  50  cents  in  the  tec  for  that  veai-. 

Sn-.   'i,~  -All  fees  shall  bo  payable  in  advance. 


Motes  en  'Railway  Work. 

r.KOTURK  HV 

Wm.  B.  McKenzie,  Chief  Engineer    Inter-Colonial    Ky. 
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nAILliOAD  work  <,'i't  cra'ly  lu'giiis.  with    an  exumiiuition  of  tiic 
country  through    wliich    it  is  rlesiied   that  the  line    .sh>\ll  [i'.,s« 
This  is    called  a  "Rrcomirti-ince,"  and   may  bo  cotisidovd    an    ait 
rather  than  a  science. 

The  best,  procural)le  map  of  the  country,  an  axe.  a  pair  of  steel 
climbers,  a  pocket  barometer,  lied  glass,  and  a  7-iiich  Abney  double- 
tub<'  hand  level,  havinj.'  vertical  arc  compass  and  telescope  combined, 
are  the  only  instruments  really  needed.  GfMwJ  work  may  be  done 
withont  any  of    them,  but   they  are  a  convenience.      !  he  catalogue 

prices  of  several  >ery  useful   pocket  instrunient.s  for  recoiiii.-ii.sance 
are  :  — 

Pocket    barometer g27  00 

Field    glass 35  qO 

Abney's  double  tube  7-inch  hand  level  with  vertical 

arc  coir  pass  itid  telescope  combined 17.00 

Brunton    pocket    tr.insit 25  00 

T'ocket  tnagnif jing  ijlass 0.55 

A  j;uide  .should  be  employed,  and  the  man  .ho  thinks  he  knows 
til  ■  whole  country  ind  every  tree  in  il  i-,  no  doubt,  the  best  man  to 
have,  but_-ou  must  be  careful  to  prove  ilie  eorrtotness  of  his  know 
Ie<!«e  by  your  own  work  and  take  nottiins,'  for  granted.  If  he  is 
a  fanner  he  will  lead  you  rlonjn  the  highways,  and  if  a  liunter,  lu: 
will  load  you  alonj;   the  riilges. 

r  once  came  near  makini:  a  very  serious  error  in  location  by  de- 
pending too  much  on  a  guide  who  'knew  it  ail."  .\ft..r  1  lie  com- 
pletion of  (he  survey.  I  had  a  feeling  that  to  niak^  assurance  doublv 
sure,  I  should  take  two  or  three  days  to  go  crosswise  over  the 
count;  v,  and  thus  c(/nfirm  the  route  stlected  beyond  question  or  the 
possibility  of  a  doubt.  Hv  the  evening  of  the  first  Jay,  I  I- ad  proved 
that  in  one  ph-.       the  line  w:is  a  mile  nut  of  f\w  pn.-r-et    pusiti.iii  . 
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three  miles  ,)f  new  survey  was  made  and  the  line  Uuilt  on  it.  That 
was  a  bit  of  expciience  which  I  shall  not  sm.n  forget.  felt  very 
thankful  but  the  guide  was  correspondingly  cast  down. 

It  will  Ih)  .-.eccssary  f..r  the  engineer  u,  explore  the  country  for 
several  miie«  (.n  ench  side  of  a  direct  line  on  the  map  connecting 
the  terminal  points  ;  because,  .0  matter  whether  he  is  on  the  righ^ 
track  or  not,  every  farmer  he  meets  will  tell  1  -m  that  the  ''ne 
should  be  somewhere  else  two  or  three  miles  away,  and  he  must 
be  able  to  tell  them  that  he  has  been  there  already  and  knows  more 
about  the  ground  than  they  do  The  general  route  can  be  selected 
by  reconnaissance  and  without  the  use  of  a  transit  or  level,  and  the 
man  who  posse.s.ses  the  greatest  skill  in  estimating  distances,  heights 
and  grades  by  the  eye  alone,  will  do  the  best  work  and  will  do  it 
more  rapidly.  This  is  where  the  "born  locator"  havi.ig  an  "eye  for 
the  country  '  will  shine. 

Reconnais,sance  work  requires  a  higher  order  of  mind  than  is 
called  for  in  merely  running  in  or  locating  the  line  on  the  ground 
in  detail  by  the  u.se  of  the  transit  and  level,  or  in  constructing  it 
afterwards.  The  whole  .luestion  of  operating  economy  depends 
upon  the  reconnaissance,  a.'id  no  excellence  of  construction  can 
correct  mislukes  in  it.  Only  men  of  proven  ability  in  reconnaissance 
shenid  be  allowed  to  undertake  this  most  difficult  part  of  Railroad 
work— the  part  which  irrevocably  Pxes  the  character  of  the  road. 

All  the  railways  of  the  countr-  are  now  suffering  more  or  le.s8 
from  insufficient  reconnaissance,  work  having  been  done  before 
their  final  location,  and  this  very  .serious  error  should  not  be  re- 
peated in  future  P>,ilway  work  in  Canada.  Not  a  location  stake 
shot  Id  be  set  until  the  reconnaissance  is  completed,  and  in  difficult 
country,  a  day  to  one  or  two  miles  will   be  time  well  spent. 

In  future,  the  reconnais.sance  man  will  be  the  important  man,  and 
it  will  be  necessary  to  seek  him  with  a  lighted  candle  and  pay  him 
well  when  found.  He  will  be  a  man  of  tact  and  judgement— one 
in  a  hundred-  a  man  who  loves  the  woods,  knows  some  of  its  secrets 
and  feels  as  much  at  home  in  the  forest  as  in  his  own  house,  if  he 
happens  to  have  one.  No  matter  how  difficult  the  country  may 
appear,  always  assume  that  there  exists  a  good  line  between  the 
two  terminal  points  and  that  it  is  your  business  to  Hnd  it.  Do  not 
allow  the  mind  to  become  prepossessed  in  favor  of  a  particular  line 
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until  you  have  exhausted  nil  the  possibilities.  Do  mt  ndopt  to«» 
lii^h  a  maxiuin  «ra(lit!i:t  •  Ix-cause  it  is  the  luiirij;  ^rade  whi  li 
;,'overits  the  cost  of  operatidti,  anri  |.iw  ^radev  are  t!ie  mast  import- 
ant  of  all  the  details 

Wlioii  ,1  valley  rules  th.>  location  literally,  the  problem  is  simple  ; 
hut  when  the  line  runs  across  the  drainage  of  the  cou.itry,  it  is 
complex.  A  preliininasy  reconnaissance  should  first  be  made  by 
drivinf^  over  the  eouiitry  from  one  torminal  point  to  the  other,  in  a 
carriage  or  on  horse-back,  or  on  foot  when  there  are  lO  roads,  to 
ascertain  the  general  features,  returning  again  to  the  .starting  point. 
Next,  the  controlling  points  should  bo  noted  on  the  map,  and  ex- 
amined by  walking  over  thorn  in  both  directions  ;  and  it  must  be 
ascertained  and  decided  in  a  general  way  whether  they  can  he  over- 
come within  the  limits  of  gra.Je  and  curvature.  Of  course,  the 
lowest  point  on  ridges  will  be  selected,  and  the  highest  stream  cross- 
ings, where  the  grade  must  be  continuous  between  the  stream  and 
the  suiumit. 

When  a  stream  flows  east  or  west  the  smoothest  ground  is  gener- 
allr  found  -)n  the  north  side,  and  wnen  the  stream  flows  north  or 
south,  the  smoothest  ground  is  generally  found  on  the  west  side. 
The  grade  of  all  streams  increases  to^-ard  the  source.  It  is  absolu- 
tely necessary  to  know  where  the  water  of  every  stream  goes  to. 
In  examining  the  ground  from  tall  trees  or  fro.  ,  hill-tops  in  roll- 
ing country,  a  parson  is  liable  to  form  entirely  wrong  impressions 
and  imagine  ttie  ground  to  be  much  more  easy  than  it  really  is. 

A    rolling  irregular  country    having   pieces  of    hills  and    valley.s 

scattered  about  promiscuously  and  trending  in  different  direction.s, 

is  the  most  aggiavating  kind  of  a  country  to  the  locating'  Engineer,' 

and  he  requires  a  great  deal  of  hard  work  before  ho  can  be  assured 

that    he  has    secured  the  best    line  ;  almast   any  person    can  locate 

along  a  shore  or  river  valley.      Except,  perhaps,  at  summits  do  not 

let  the  existonce  or  a  highway  have  any  intiueuce  on  your  location. 

The   pocket    barometer  is    a  very    useful    instrument,  but    like  the 

guide.  It  is  very  apt  to  lead  you  astray,  and   requires  careful  watch 
in!,'. 

Things    are    not  always  what    they  seem,  and  you  must  be   con 

tmually  on  your  guard  against  what  is  termined  "Ocular  illusions' 

-for  instance  :— a  slope  observed  in  front  wit'    the  sky  as   a  back 

gtviuiul  always  appears  higher  aii(i  steeper  tiiap   it  really  is.     Look- 
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inj;  ni,'rtinst  a  iiiouiiftiin,  yi>u  will  iinujjinc  tin-  j^round  fiiilirij»  towiiidM 
till-  moiiiUaiii  when  it  is  r.MlJy  risit^,  ami  a  slieaiii  ll.uviiii,'  towards 
you  will  appear  to  Ih-  ruiiiiii;  up  liill.  If.  ,it  tli--  tool  of  a  iiit»unlain, 
ilit'ic  is  a  small  hill  with  a  valley  the  siiinc  lieii^ht  on  each  .side  of 
It,  tlie  \allfy  next  the  mountain  will  appi'ar  to  he  the  lowest.  Hills 
■iverlappini,'  at  a  distance  will  o-ive  the  ap[)eaninie  of  a  solid  ridge. 
Many  errors  have  Ix'en  made  from  this  eause.  Hills  are  deeper 
than  they  seem  tr)  the  eye  looking  direetly  down  on  them.  When 
a  slope  is  observed  from  the  lop,  it  appears  to  he  steepei-  than  it 
really  is.  I^)n;;itudinal  distanee  appear  shorter  than  they  really 
are  when  looked  at  across  water  oi'  low  land.  Laicial  disianc(s 
are  exuf^j^eralcd  and  appear  lonj;er  than  they  really  are.  In  clear 
air,  judging  di-stances  is  almost  impossible  without  comparioii  to 
some  known  distancr-,  but  practice  will  show  at  what  distance 
known  objects,  such  as  the  outline  and  style  of  a  man's  hat,  be 
comes  visible.  The  distance  to  a  rock  o()served  across  an  unseen 
valley  is  almost  impossible  to  estimate.  In  a  hazy  atmosphere,  the 
amount  of  haze  between  you  and  the  object  is  some  t;iiide  to  the 
distance.  When  looking  towards  the  setting  sun,  the  distances  are 
less  than  they  appear  to  be.  Weights  and  distance  are  more  easily 
judged  on  days  when  the  sun  is  olwcured.  Distances  can  often  be 
taken  with  sufficient  accuracy  by  observing  the  time  occupied  by 
the  passage  of  the  report  of  a  gun  from  one  point  to  the  other. 
This  may  be  done  in  the  day  time  if  there  is  a  tield  gla.ss  handy  to 
watch  ,ur  the  smoke,  but  otherwise  the  flash  of  course  can  be  best 
seen  at  nighi.  The  volociiy  V,  in  feet  per  second,  with  which  the 
sound    travels  depends  on  ihe  temperature;  thus  at  3l'  degrees  F 

V  ecjuals  1090  feet  ;  at  OO  degrees  F,  V  e(iuals  II 2."^  feet  and  at  100 
liegrees  F,  \'  equals  117.").  If  the  wind  is  blowing  hard  in  the 
direction  from  which  the  .sound  comes,  the  velocity  of  the  wind  may 
be  added  to  V.  When  the  observers  arc  not  visible  to  each  other, 
two  guns  may  be  use;!.  If  one  (ires  instantly  on  hearing  tJie  other, 
repeating  this  three  or  four  tin)es,  one-half  the  number  of  seconds 
from  the  firing  of  your  gun  to  the  reply  of  the  other    multiplied  by 

V  will    give  the    approximate    dis'ance  in  feet. 

Sounds  travel  to  greater  distances  in  cold  air:  thev  are  not  easily 
heard  during  a  s»;jwstorm,  but  tliey  ascend  readily  and  are  more 
distinctly  heard  on  the  hill-tops. 
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If  your  pucket  coiuj^ks  has  been  furgotleii.aiid  ilie  sua  Imnp,  inns 
ible  you  discover  that  you  are  "loNt,"  a  few  of  the  secrets  of  the  wotnis 
may  be  of  service.  You  will  find  a  compass  abnost  anywhere  by 
observing  that  tiie  moss  and  fungus  grow  on  ihe  north  side  of  the 
trees  ;  that  a  lonely  bare  rook  will  show  the  south  side  dry  and 
bare,  and  the  north  side  damp,  mouldy  and  mossy.  The  sunny  or 
south  side  of  a  hill  will  be  dry  and  noisy  under  foot,  while  the  north 
side  is  mossy  and  damp  ;  this  also  applies  to  clumps  of  trees,  bushes 
big  rocks,  etc.  The  golden-rod  dixMips  to  the  south,  and  the  color 
of  the  club-rush  (cat-tail)  is  lighter  on  the  south  side.  The  bark  (.f 
the  coniferous  trees  is  of  a  lighter  color,  harder  and  dryer  on  the 
south  side,  and  i.-)  darker,  damper  and  sometim.-s  carries  moss  on 
the  north  side.  The  gum  or  balsam  is  clearer,  cleaner,  and  harder 
on  the  south  side,  and  soft,  sticky  and  full  of  insects  dirty  and 
gray  on  the  north  side.  Nests  and  webs  of  insects  are  in  the 
crevices  of  the  bark  on  the  south  side.  Birds'  nests  are  usually 
built,  and  woodpeckars'  holes  usually  made  on  the  south  side  of  the 
trees.  The  gr«en  leaves  are  of  a  lighter  color  on  the  south  side.  On 
steep  hills  of  mountains  trees  grow  larger  and  more  uniform  on  the 
north  slope,  next  best  on  tiie  east  slope,  while  on  the  south  and 
west  slopes,  the  ground  is  often  bare.  It  is  well  to  note  the  direc- 
tion of  the  winrl  each  morning  and  the  dip  of  the  rocks  if  uniform, 
as  this  knowledge  alone  may  help  you  out  of  the  difficulty. 

If  the  direction  of  the  prevailing  wind  in  that  part  of  the  country 
is  known,  an  isolated  and  exposed  tree  will  show  it,  as  it  will  be 
found  to  lean  more  oi-  less  away  from  the  prevailing  wind.  If  it  is 
known  that  a  noted  gale  from  a  particular  quarter  once  blew  down 
large  sections  of  the  forest,  look  at  the  fallen  trees.  If  you  wish  to 
know  the  age  of  a  "blaze"  on  a  tree,  cut  squarely  through  the  wood 
whioh  has  grown  over  or  partly  over  the  "blaze"  and  count  the 
annual  rings  from  the  black  marks  outwards.  In  the  Eastern  part 
of  Canada  quartz  veins  run  nearly  east  and  west,  and  ice  markings 
on  the  rocks  run  southeast. 

After  you  have  succeeded  in  finding  yomnelt  again,  some 
impoitant  considerations  may  occupy  your  mind  such  as  the 
following  ;  -The  difference  in  gross  receipts  betweoo  diflFerent  lines; 
\\\ediff,i,nce  in  ojierating  expenses  between  different  lines;  the 
difcrcncf  in  interest  charges  between  different  line^  Deviations  to 
outlying    villages   which   may   be   made    to    secure   local   traffic, 
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may  I'xlt'ii  I  ti)  I  |i>  til !  iiir  lui"  distn'ice  ifftwcfii  tcriiiiiinlH 
iiKMiMui'ctl  oil  ciiluT  I'uiv  from  il)c  Jiir  litiH  iinflf.  'IVn  \>fr  eent  of 
the  ti'tklliL-  (iriKiiitiiitis!  in  <«iiiall  (owns  will  Im)  lost  fur  fvcry  mile  tli(> 
line  i^i  piftceti  (iway  from  the  town.  Sucli  towns,  however,  siraiually 
Ituild  nj)  tiiwiuls  till'  Uuilway.  ".'")  to  "lO  of  the  trattic  ori);inat 
iiij;  ill  cities  where  there  is  t-iiiii|ii>liti(>ii  will  \te  lo^t  for  t-v.-ry  mile 
the  line  is  jilaced  away  fidm  the  tily.  Stations  -hoiilii  be  as  nearlv 
as  j.H)ssible  in  the  lenter  of  the  eities  o'-  towns,  pjirtic'u'arly  a* 
Terminals. 

For  lini'M  of  lii'avy  tiathi-  (say  10  trains  per  diy,  round  trip)  if 
the  ;;ross  revenue  lan  l)e  iiicicaxed  I  .'),  the  whole  inveHtiiient  may  Ih' 
doubled. 

If  the  (jross  revenue  can  Iw  iiicrpas<'d  I  10,  the  cir^t  of  track  aiicJ 
roadbed  may  l)e  doubleil. 

If  the  uross  revenue  can  be  increased  l-'JO,  (lie  cost  of  suhj;ra(le 
may    l)e  doubled. 

DlSTANfK  :  For  savings  of  three  miles  r.r  less,  assume  that  the 
cost  of  operation  is  )<0  cents  pf?r  mile  for  every  daily  train  making  a 
round  trip  (jjoiii^'  and  letuiiiiii::)  Then  M(j  ci-iits  x  .'i.JO  days  in  the 
year  -  S2?<0.t)0  per  year  per  daily  train  rnund  trip  (goin^  and  re- 
tuitiin<{).  If  b(,rrowcd  iiioiicy  cost  ">  interest,  we  are  eiititied  to 
Rpend  ^5,00000  exti.i  ok  tji,.  coiistruclioii  of  a  certain  route,  if  bv 
so  doing  we  can  sa\c  ;  ile  of  Icm-I  track  ;  because  this  is  the  sum 
which  at  5  interest  wii)  pro'luce  .f'JX'MX).  For  two  trains  makiiii; 
rouiifi  trips  per  day  (xointr  and  l■l■lurnin^),  we  should  spend  twice  as 
:nuch  .  and  so  on. 

Risk  ANt>  F.\i.i.  :  An-uiitc  an  opci.itiii;;  ciTst  i>f  HO  cts.  per  mile  for 
every  thu\y  train  makitij;  a  round  ti;|i  (iji>ini.'  a 'id  i  ctiiriiiii;;).  Then  on 
gradeo  between  0.75  and  L'.OO  [)er  100,  when  hills  are  10  to  ."iO  fed 
his;li,the  annual  co^t  foi  o|ier;itini;  one  foot  of  i  i>e  and  fall  (ler  ihiily 
train  i  iiind  tri()  (goiiiL'  and  ti-lni  riin;^  i  may  be  estimated  at.  !?1 .44,  If 
Ixirrowed  money  cost  T)  inicresi,  we  are  eiiiiiled  to  spend  ."*2S.i-i0  in 
the  reduction  of  one  foot,  of  ii~i'  .iiid  fall  ;  because  this  is  the  sum  which 
at')  interest  will  produ- c  .-' !  \l  Foi  :\v(i  rciiiis  makini,'  i<(und 
trip!"  per  day  (goiiiy;  /iiid  cvimini;),  we  sliouh]  spend  twice  as  iiiucli  ; 
and  .so  on. 

Cl'RVaturk  .  A-siimiii:.'  in  '■p<-iiitii);j;  c  isi  of  >0  cents  pei  iniir 
for  every  daily  train    makini;  a       juiid  trip    (^oinn  and    returning) 
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Iu>  aitiiu.'il  ('ONt  of  ii|MM'aiiii^  oiu'  an<{iili*r  <lt>Kioe  of  cinAiiiuii!  |h-i 
■liiily  trniii  roiiiid  trip  (Koin^  uiid  returning',  may  be  fstiii»at«l  at 
l"<.\  ceil  .  If  IntrrowcMj  money  co^tn  5  interest,  we  are  entitled  to 
spend  $•'»  70  to  lessen  a  curve  liy  one  angular  <legr»'e  of  (curvature  ; 
because  thi^  is  the  sum  which  at  5  interest  w..l  pr(><lucu  '2H'^  cvpis. 
For  two  trains  making  ruund  trips  per  day  (going  and  returning), 
we  should  Mpend  twice  an  niucii  ;  and  ho  on. 

Loi'oMoTiVK  lixULAtiii :     To  Knd  the  load  which  a  locomotive  can 
haul  up  a  giNcn  grade  at  ordinary  freight  npt-ed,  use  the  following 


toiDiula : 


lOOW 


1.   - 


E 


(I) 


1   +  4r. 

L   ■=    Ijoad    in  t*»nH  of    "i.OOO    lbs.,  which    can  be   hauled    liehind 

tender. 
W    =    Weight  on  the  Irivers  in  fons  of  2,000  lbs. 
E   =    Weight  of  locomotive  and   tender  in  tons  of  2,000  U'« 
r   =    p<M-  cent  of  grade. 

The  al)o\e  is  based  on    a  rolling    resistance  of  5  lbs.  per    ion    on 
straight  level  track. 

NoTK  :   Deduct  20/^  from  L  in  winter. 

Comparison  of  Houteh:  A  line  is  50  miles  long  between  terminal 
points  and  has  a  ruling  grade  of  1  j  per  100.  How  much  additional 
money  would  we  bo  entitled  to  spend  to  secure  a  1  per  100  grade, 
having  to  carry  2,000  tons  of  freight  in  one  dire<;tion  every  week 
day  By  applying  formula  (1),  it  is  seen  that  our  engine  will  haul 
1,000  tons  up  a  1  per  100  grade,  and  only  f^^i  tons  up  a  l\  per  100 
'.,'rade— a  difference  of  176  tons  per  train.  On  the  I  per  100,  there 
fore,  we  would  re<iuire  two  trains  per  day,  carrying  1,000  tons  each; 
while  if  we  used  the  1|  per  100  grade,  we  would  have  216  tons  x  2 
trains  x  6  days,  =  2,112  tons  of  freight  piled  up  at  the  receiving 
end  at  the  close  of  each  week. 

This  would  require  two  special  trains  per  week,  =  0.33  of  a  daily 
rraiti  ;  and  to  operate  these  two  special  trains  would  cost  annually  : 
<).3;J  of  a  daily  train  x  80  cents  per  mile  per  daily  train  round  trip 
X  50  miles  x  350  working  days  in  the  year  =  $4,620.00,  and  this 
capitalized  at  5  X  =  $92,400,  which  i«  the  additional  sum  that  we 
would  be  entitled  to  spend  to  secure  a  1  per  100  grade  instead  of 
1]  per  100  grade. 


i»; 
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Now,  we  may  aceompliHh  thin  infither  <»f  two  wnyn:  either  spend 
tlio  *1»_'.4(X).00  in  cutJinji  down  the  1  ]  p»  r  100  giiuio  to  a  I  per  100 
grade  ;  or  if  this  cannot  be  done,  divert  the  line  on  to  new  ground 
which  will  nfford  n  I  per  100  t,'rmle,  nnd  odd  3A  miles  to  itH  length. 
This  latter  proposition  is  proven  thus  : 


T«  "iMTdte  1  trnin  rciimfl  tiips  over  one  mile  sdditionitl 
during  I  yem    -  80  i-ts  x  .SWI  di»ys  == 


Ml) 
2,«25 


To  o|)erHtu   i  trains  round  trips  over  1  mile   sdditioniil 

during  I  year   - 
To  opcrnte  2  trains  round  trips  over  'M  miles  Hdditiimal 

during  1  yenr 
Assumini{  construction  to  cost  f52,500  for  ^  addition*! 

miles,  at  5  /:   =; 

Annuitl outlay  which  ne'trly  e>|UMls  the$4,«2<)  thur  we  are 

entitled  to  sftend  annuiilly  tosecure  a  I  per  l(X)grade  --  84.58* 

Business  nnd  rulin;{  grade  should  determine  the  general  routf 
Most  of  the  lints  of  20  and  30  years  ago  were  pionee*-  li.es,  and 
steep  grades  and  sharp  curves  were  freely  use<l  to  lighten  ttie  coat 
of  construction,  as  nothing  else  would  have  been  paid  for  at  that 
time.  There  was  not  then  the  same  necessity  for  the  extensive  and 
thorough  recoi«nais.sance  which  is  now  imperative  in  tins  day  of 
heavy  tratJic  luui  low  grades. 

Fai  tot)  little  titne  was  formerly  given  the  engineer  for  reconna 
issarn^e  work.  In  my  own  experience  I  once.because  of  an  incorrect 
plan,  ran  my  preliminary  line  into  a  lakn,  instead  of  passing  by  the 
end  a,s  T  intended.  As  the  work  had  already  been  advertised  for 
tender,  no  tint*-  w,is  left  to  make  changes,  and  the  mad  today  runs 
through  the  middle  of  the  lake. 

Once,  after  completing  the  reconnaissance,  I  put  on  two  survey 
parties  and,  while  keeping  ahead  of  the  preliminary  party  an(] 
giving  then)  ;:efir»»l  directions,!  wHsablc,u  ith  the  aid  of  20  in.  x  :V>  ir. 
sheets  on  which  th«>  preliminary  work  had  been  plotted  the  nigi.t 
before,  to  lay  down  the  h.calion  at  odd  times  in  the  day,  unIiii;  dir 
flat  wooden  cast-  in  which  the  sheets  were  carrie<i  as  a  table.  Thts< 
sheets  were,  one  by  one,  carried  back  to  the  locating  partj',  and  the 
whole  combinati(m  was  thu.s  kept  niovirig  Such  work  is  loo  much 
for  one  mun,  and  tliose  who  do  it  receive  lew  thanks  as  a  rule 

Be  sure  that  you  do  not  use  the  in-ixiinum  grade  or  curve  oftener 
than  is  Hb-snlnielv  necfs^arv. 

When  you  are  climbing  toward  a  summit,  try  to    avoid  lo.sing  ele 
vation  by  inserting  reverse  or  down  grafles,but  look  well  for  support 
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Hit;  KroiinrI  to  ri^ht  or  left,  and  tluiw  hy  Ruining  rliHUiict!  reduce  the 
cofit  of  grade. 

If  tim  country  in  mucIi  chat  ht^h  grades  inuHt  womewhpre  be  uited, 
try  to  bunch  them  in  one  division,  and  re<luce  gradeH  tu  the  utnitrnt 
(III  all  the  other  divisions 

lleconnaiNHAiice  should  be  so  thorough  tliat  a  close  preliminary 
line  can  be  run  and  Hutticient  topography  taken  within  300  or  400 
feet  on  either  side  Thix  may  bo  thown  on  plan  by  contour  lineH, 
or  elevations  in  figures.  From  this  iJata,  a  paper  location  plan  and 
profile  is  marie.  When  running  in  this  paper  location  i«  the  time 
t(i  study  the  ground  in  detail  and   make  neceaaary  change-*. 

This  general  method  of  reconnaifl«ance  and  preliminary,  having 
the  detniis  filled  in  (o  the  extent  necessitated  by  the  character  of 
the  country,  should  result  in  good  location  at  reasonable  cost. 

For  practical  infoimution  on  railroad  location  and  construction, 
consult  :— 

"The    fcinfiniic   Theory  of    Railway    Ixx>ation",  by    Wellington, 

A  series  of  Articles  by  Wm.  O.  Kayroond,  in  the  Railroad 
(jiuette,  Nov.  and  Dec.  1898  ;  "Rules  for  Railway  Ijocation  and 
Toiist ruction",  by  E.  H.  McHenry,  Chief  Engineer  of  the  Northern 
Pacific  Railroad,  now  Chief  Engineer  of  the  Canadip.n  PaciBc  R'y. 

The  latter  book  is  the  most  comprehensive)  and  complete  book  of 
instructions  so  far  published  on  the  subject,  and  it  .  s  recently 
been  reprinted  by  the  Engineering  News  Publishing  Co.,  New 
York.     Price,  *  1.00. 

Prkliminary  Link: — The  preliminary  survey  is  usually  made 
with  transit  and  level  and  a  party  of  10  or  12  men,  who  \*ill  follow 
the  general  line  shown  by  your  map  and  a  few  marks  left  by  you  on 
the  ;,roun(l.  Your  place  will  now  lie  one  or  two  miles  ahead  of  the 
p.iit),  exploriiij;  the  ground  in  detail  and  leaving  marks  for  the 
Hapidnije  of  ilio  transit  mm  It  would  btj  a  lui.stake  for  ym  to  try 
to  'oe  iraiisit-miiii  and  chief  of  party  at  the  .same  time  ;  the  result 
would  be  a  pixjr  line. 

The  levels  should  be  ^  lolled  upe\ery  niiilit,  and  more  fr^(|ueiitly 

if    running  on  a   maximuni  grade,  so  cs    to    indicate    whether   you 

should  move  higher  up  the  hill  or  nearer  the  valley.     The  prelimin 

rirv  K!'.!!!-.!d  iyr,    kept  as  near  as  possible  to  the  final    iocatiou     never 

more  than  200  or  300  feet  away  from  it ;  and  this  is  called  a  closo 
preliminary. 
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A  topographer  is  re<iuirpH  who  will  lake  hand-lavel  cioss-sections 
for  "200  or  300  feel  in  widih  on  either  siilo  iit  every  lOO-foot  station 
wlicre  tl»e  ground  is  rou<;h,  and  less  frccjiienlly  on  more  favourable 
ground.  A  man  of  gixjd  jud<{meiil  will  need  to  use  the  hand-level 
only  when  the  (jroiind  is  dcidedly  rough,  because  he  can  estimate 
the  slopes  very  closely.  These  cross-sections  are  needed  so  that  whe.i 
a  location  is  lai.l  down  on  the  plan  away  from  the  preliininar;  line 
a  profile  may  be  constructed  from  the  topographer's  notes.  The 
most  convenient  form  of  note-lxjok  is  one  having  a  vertical  column 
in  the  centre  of  the  page,  in  which  the  station  is  written  .  then  the 
distance  out  to  the  right  is  made  the  numerator  cf  a  fraction,  the 
plus  rise  or  minus  fall  below  the  ground  at  the  station  l)eing  the 
ilenominator  of  the  fraction  :  the  same  on  the  left  side  of  the 
column,  always  working  up  fiom  th<(  bottom  to  the  top  of  the  page. 
The  topography  is  noted  on  the  plan  for  guidance  in  working  up  tiie 
paper  location. 

Location  :  From  the  preliminary  plan,  profile,  topography  and 
cross-.section,  a  line  is  located  on  paper,  and  another  profile  prepared 
which  shows  roughly  what  tJie  character  of  the  located  line  will  be 
as  to  grades,  cuts  and  fills.  Say  that  this  profile  proves  it  p)88ible 
to  obtain  a  maximum  grade  of  1  per  100  on  a  straight  line.  If 
curNes  occurr  on  this  maxinmm  grade,  the  grade  must  l)e  reduced  by 
U.04  of  a  foot  for  every  (Jegree,  of  curve  :  Thus,  on  a  5  degree  curve, 
the  grade  would  be  reduced  to  0.80  per  100.  You  would  Ik?  justified 
iti  lengthening  the  line  ^  if  by  doing  so  vou  could  reduce  the  grades 
by  50  <.  That  is  :  have  a  line  112.5  miles  long  with  0.5/  grades 
lather  than  one   100  miles  long  with  IX  grades. 

We  can  now  go  into  the  field  with  our  location  plan  and  profile, 
and  run  the  line  in  on  the  ground  according  to  the  paper  location, 
making  improvements  a>  a  careful  study  of  the  ground  shows  to  be 
possible.  The  maximum  curvature  s[)ecified  has  usually  been  <i 
degrees  and  the  grades  1]  to  U,  per  100,  for  company  lines.  The 
I.  C.  H.  standard  was  i>  degree  curve  ami  I  per  100  grades. 

CoNSTHUCTiON  :  The  prepaiiition  of  contract  plans,  profiles  at'.i 
specificat ions  is  a  work  re(|uii'iiig  knowledge  of  railway  con.structijn, 
which  can  only  be  acquired  by  actual  experience  in  the  field.  For 
entire  success,  a  g(K)d  theoretical  foundation  is  an  absolute  necessity. 
Much    information  can  be  gleaned   from  other  men  who   have  dona 
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»(iik  of  a  .similar  elmracter,  nui  from  ilicir  |>Ihi>.s,  spfciticatioiis.  uiiii 
\viitin;;s.  It  is  a  good  plan  fo  keep  a  scrap  lM«>k  and  have  it  well 
indexed,  so  that  you  can  record  notes  even  if  these  notes  are  only 
the  name  of  a  book  or  paper,  where,  on  a  certain  pa<;e,  you  can  find 
an  article  on  a  particular  subject ;  perhaps  the  composition  of  the 
cori' rete  used  in  the  lock  walls  of  the  Soulanyos  Canal,  the  .section 
i.t  the  Chaudieri"  dam,  or  a  sra  ndard  grading  -specification,  &c.,  &c- 
In  a  few  vciirs,  a  large  percentage  of  tii>}  notes  will  be  obsolete,  out 
of  date,  i)ack  numbers,  but  it  will  still  be  a  mine    of  hints  and  sug 

gcstioiis 

After  the  work  of  construction  has  been  let  to  the  contractor, 
then  comes  the  staking  out  on  the  ground  :  such  as  setting  out  the 
side  ditches,  putting  in  slope-stakes,  fence-stake.s,  staking  out  and 
making  plans  of  special  culverts  and  bridge  foundations  to  suit 
particular  cases.  No  matter  how  many  standard  typical  drawings 
there  may  be,  a  working  drawing  should  be  made  fjr  each  structure 
after  cross  sections  iiave  been  made  and  the  nature  of  the  bottom 
ascertained,  preferably  by  sinking  a  test  pit.  This  brings  us  to  the 
subject  of  foundations,  than  which  none  other  is  of  more  imporlanco. 
Some  one  has  said  "It  is  the  foundation  of  the  foundation  that  you 
nmst  look  to,''  and  the  older  one  grows  the  more  importance  he 
seems  to  attach  to  the  (|ue8tion  of  the  "Foundation  of  the  founda- 
tion,' for,  without  a  proper  foundation,  tiie  most  magnificent  supei- 
stiucture  will  g<i  to  pieces  as  did  the  Campanile  recently.  No 
subjt'c't  re(iuires  greater  judgrnent,  more  actual  everyday  experience 
and  more  common  sense  than  this  of  foundations.  .Scarcely  two 
should  b(>  treated  precisely  alike. 

The  matter  of  testing  the  bottom  by  driving  down  an  iron  bar, 
by  boring  with  a  percussion  drill,  oi  bv  driving  test  piles  is  of  very 
gieai  importance  :  but  I  regret  to  say  that  it  is  very  often  omitted 
Ill-cause  of  the  time  and  expense  connected  therewith.  A  reasonable 
sum  of  money  should  always  beexpcndcd  in  ascertaining  the  chaiai- 
ler  of  the  bottom  under  any  slructuie  of  importance,  ,Mistai:es  are 
sMU"  to  be  m.'ide  if  this  is  neglected,  and  mistakes  are  sometimes 
iiiaiio  when  it  is  not  neglected,  because  of  the  lack  of  judgment  on 
ilicpartof  those  making  the  tests.  I  will  give  you  two  or  three 
instances :  — 

'  once  sent  a  man  to  take  soundings  and  test  the  bottom  with  an 
iioi.  bar,  where  a  $100,000.00  creosoted  pile  wiiarf  was  to  be  built. 
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The  water  was  froin  20  to  40  feet  deep,  anH  the  bar  sprung  so  much 
that  it  could  not  be  forced  into  the  bottom  for  any  great  distance, 
and  hard  material  was  reported  as  lyins;  within  4  or  5  feet  of  the 
surface.  This  seemed  to  be  confirmed  by  piles  driven  in  an  exist- 
ing wharf  a  few  hundred  feet  away.  Creosoted  piles  were  ordered 
at  about  40  cents  per  lincil  foot,  allowinf;;  what  was  considered  a 
liberal  margin  in  length  for  cutting  off  at  the  upper  end  ;  but  when 
work  began  about  one  half  of  the  whole  lot  were  found  to  be  too 
Hhort,  the  hard  material  being  further  down  than  was  expected  or 
indicated  by  the  test-,   vith  the  iron  bar. 

Three  or  four  test  piles  would  have  prevented  this  error,  but  no 
pile  driver  or  scow  was  at  hand  ;  or  perhaps  better  judgment  in 
the  use  of  the  bar  might  have  prevented  it.  In  this  case  the  piles 
were  not  all  creosoted  when  the  error  was  discovered,  and  it  was 
possible  to  obtain  longer  ones  for  the  satne  price  per  foot.  Those 
already  dilivered  were  spliced,  some  at  the  upper  end,  with  a  splice 
after  they  were  driven.  See  plate  1,  Fig.  1  ;  and  some  spliced  at 
the  lower  e.id  by  a  splice  before  they  were  driven.  See  plate  1,  Fig  -. 

These  !■plice^^  cost  about  $3.50  each,  and  were  an  addition  to  the 
cost  of  the  work-.  In  another  place,  wishing  to  profit  by  past  ex- 
perience, I  hired  a  pile  driving  outfit  and  drove  9  test  piles  for  a 
new  creosoted  piie  wharf.  The  foreman  drove  these  test  piles  so 
hard  that  they  wer^>  split  and  bent  up  at  the  point ;  and  the  result 
was  that  the  creosoti  d  piles  for  the  wharf  were  ordered  too  long, 
and  pieces  from  3  feet  >v  10  feet  long  had  to  be  cut  off.  These  piles 
cost  42  cents  per  lineal  fo  >t.  Borings  made  with  a  percussion  drill 
somet*mes  give  an  err  )n30us  idea  of  the  bottom  ;  because  the 
material  which  comes  through  the  sand-pump  has  been  reduced  to 
powder  and  mixed  with  wate-,  so  that  it  is  almost  impossible  to 
distinguish  sand  from  sandstone  rock,  and  only  a  driller  of  experi- 
ence can  judge  from  the  feel  o*  ohr  lirill  the  kind  of  material  it  is 
p  wsing  through.  When  on  li-(]gp  rock,  it  is  usually  possible  to  feel 
a  slight  bouncing  on  dropping  the  drill-rod.  I  once  sent  an  experi- 
enced driller  to  bore  a  hole  on  the  site  of  a  high  chimney.  He 
reporlefl  that  the  bottom  would  require  to  be  piled  ;  but  on  exca 
vatiiig  r>  feet  l)elow  the  surface,  the  hard-pan  was  considered  amply 
sufficient  to  boar  the  weight  of  the  chimnay.  the  foundation  being 
spread  so  that  the  pressure  war    reduced  to  \k  'ons  per  square  foot 
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wht-ii  a  4U  iiiilf  |>cr  hour  wniii  « us  hlt-wiii-,' nj;»insi  tlie  chimntv. 
Fur  shallow  Imnnj^s  io  cai  lli,  tiikc  a  lo<-..motive  boiler  lluc.  -Miikf 
>l..t  holes  {  in  <  •)  in.  in  a  spiral  windinu  around  ili<i  Hue.  Sharpen 
one  end.  Insert  a  heavy  solid  screw  cap  ."5  in.  long.  Drive  wit-li  a 
iieavy  sledge.  Turn  pi{)e  with  large  chain  tongs.  Lift  out  *ith  a 
lever.  A  Coring  made  with  a  2.^  in.  casing  pipe,  ^  in. 
hollo-.v  rod  and  'l  in.  bit  will  cost  .j 4  cents  per  lineal  foot.  See 
"Engineering   News",  June^S,  IDUU. 

It  s.vni-  lasici  to  make  mistakes  in  foundation  work  than  in  most 
other  things  and  here  particularly  we  should  try  to  remember  that 
'Hrior  is  the  rule,  truth  the  e.xceplion." 

Loads  ON-  Fou\u.\tion  Beds:  If  the  natural  soil  is  considti.d 
sufficiently  firm  to  carry  the  structure  directly,  be  sure  that  you  do 
not  overload  it.     The  following  loads  will   be  safe  :  — 

On  loam  or  marshy  .soil  — ^  ton  per  .sn.  ft.  ;  failure  has  occurred 
tinder  one  ton  per  scjuare  foot. 

On  stiff  clay— 1.1  tons  per  si|.  ft.  ;  failures  have  occurred  at  -' 
tons  per  s(juare  foot. 

The  Washiiigron  monument  failed  at  5  tons  per  square  foot.  On 
H  <ft  marsh,  I  would  not  go  over  \  ton  per  squaie  fiwt.  To  get 
sulHeienl  btsaring  area,  it  will  ^+ometimes  be  necessary  to  step  out 
the  foundation  courses  to  an  angle  of  \v)  degrees. 

On  sand— 3  tons  per  s(i.  ft.  :  failures  have  (xjcurred  at  4  tons  per 

h(|uare  foot. 

On  gravel      I  tons  per  square  foot  :  failure  has  occurred  at  8  tons 

per  square  foot. 

On  rock-  5    tons  to    25  tons    per    squat e    foot,  according    to  thi- 

quality  of  the  rock. 

If  you  have  a  soft  material  overlying  a  hard  stratum,  piles  aie 
.  .liU'd  tor.  proviil.-d  they  will  always  iXMnaiii  saturated  with  water 
If  not,  they  will  decay  in  a  short  time,  and  some  other  character  of 
foundation  should  lie  a<Jopted.  Suppose  that  you  do  use  piles  ;  then 
voH  will  first  consider  what  total  weight  there  is  to  be  carried  on 
the  piles.  P'or  the  sustaining  power  in  jiounds  of  a  pile  with  a 
factor  of  safety  of  six,  in.-  'he  Hngineeriiig  News  formula  •- 

•J  wh 


i+l 
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w  ^    weight  of  hammer  in  pounds. 

h    -r  height  uf  fall  in  feet. 

s  -  penetiati<»n  under  la.st  blow  of  iiauimer  in  inches. 

1  =  a  constant. 

For  instance  :  say  your  hammer  weighs    2,000  lbs  ,  the  fall  is  20 
tcei,  and  the  penetration  under  the  last  blow  is  2  inches,  then  : 


;  X  -'000  X  20 


1+1 


/ 


26,()66  lbs., 


for  the  sustaining  power  of  the  pile  with  a  factor  of  .safety  of  (I.  In 
important  work,  I  would  not  use  a  greater  load  than  10  tons  on  any 
I'iie,  .-iiid  I  have  sometimes  brought  this  down  to  8  or  9  tons.  A 
•40(id  aeneial  specification  for  pile  driving  is  the  following  :-  - 

•Piles  shall  be  driven  to  such  depths  that  the  last  blow  of  a  2,000 
lb.  hiuutnei'  freely  falling  20  feet  shall  not  produce  a  greater  'pene- 
tration than  one  inch,  or  an  e(|uivalent  penetration  directly  "pro- 
ficirtiiiiiiil  to  the  weight  of  the  hammer."'  This  is  termed  "Driving 
to  a  .•'-/'((.«(/."  The  fall  should  then  be  reduced  to  (5  feet  and  the 
dri\  iiig  stopped  at  |  penetration.  No  penetration  le>*s  than  one  inch 
should  be  used  in  the  formula 

2  wh 


s+1 
which  would  in  this  cuse  give  20  tons  as  the  safe  sustaining  power 
of  the  pile  ;  the  factor  of  .safety  being  6. 

FoiXDATioNs  fn  some  soils,  such  as  the  boulder  clay  at  St 
liihn.  piles  may  be  placed  on  top  of  each  other  and  still  continue  to 
;<o  one  or  two  feet  at  a  blow  for  50  or  100  feet  down  ;  but  if  the 
'Iriwng  be  stopped  and  the  pile  allowed  to  stand  over  night  until 
the  clay  has  settled  around  it,  several  blows  will  be  required  to  start 
It  next  morning.  In  such  ca.ses,  I  specify  that  th<  third  blow  next 
MKiniiiig  shall  he  the  pen.  iiation  used  in  the  form   .a 

2  wh 


s  +  1 


t-ii  tfi(!  s.i-taining  power  of  the  pile. 
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Till-  [.i'o[i<'r  sizeM  of  piles  aro  as   follows  :  (S«><>    Kiij,'-  N'l'ws    Sp|)t. 
•JKt,  ''J'.*). 


I>IAM.   I.AKliK  KNh. 

12  to  Ki  in 


llfAM.  SM.M.I.  IXI'. 

10  in. 
!>  " 


I'l)  to  ;«i  feet 

(p  to40  feet 

I'p  to  50  feet 

".'[•  to  60  feet  ....  _  7   .. 

Tp  to  70  fwt  ....  -  .. 

Ip  to  W  feet         ..  "         "  7  " 

Spruce  pile«  drivm  into   different  wils  with  a    ),l'UC>  lb.  Iiainiiu'i 
falling  1")  feet  would  safely  sustain  the  following  loads  : 


Kind    of   Material 


Pile 

lit^ffth 

in  ft. 

40 
30 


ATcrnRe 
<1iaiii 
inches 


Pent* 
tration 
inches 


*  Safe 

Load, 

ions 


10 

8 


;x» 


2 


2| 


:?o 

«         1 

1 

!> 

30 

10 

1 

i> 

:«) 

8 

t 

12 

;!0 

K        ! 

I 

12 

•JO 

«   ! 

1 

14 

•JO 

»   1 

0 

20 

20 

8         i 

0 

20 

15 

8         1 

0 

'20 

In  .silt  i 

MuJ 

Soft  earth  with  boulders  or 

loya 
•Moderntelj-   firm    earth    or 

clay  with  liuulders  or  logs. 
Soft  earth  or  clay 
(^Uiicknand 
Firm  earth 
Firm   earth    into    sand   or 

I!  ravel 
Firm  earth  to  rock 
Sand 
Gravel  ! 

*F()r  im))nrtant  works  I  unnld  not  use  over  10  tons  \h-t  pile. 

On  the  piles  under  the  pedestals  of  the  Boston  Elevated  Railway 
the  pressure    has  been    limited  to  10  ten  tons  per  pile.     I'nder  the 
Hillsborough  bridge    piers  on  P.  E.  I.,  I    have  limited  the   pressure 
lo  9  tons  per  pile. 

Pile  Foundations:  —  Next  to  hard  wood,  spruce  will  staml 
harder  driving  than  any  othe"-  wood  in  this  country.  Piles  should 
have  the  bark  removed  before  driving,  because  there  in  a  ,]anj;er  of 
water  loosening  the  bark,  when  the  pile  will  sink  in  the  bark  and 
destroy  the  structure.  In  places  where  the  piles  cannot  always  bo 
kept  wet,  they  should  not  be  iistd  :  and  if  the  soil  is  not  suflicientlv 
firm,  it  mu.st  be  compacted  by  other  means,  such  as  sand  piling,  oi 
by  removal  of  the  material  by  dredging  inside  of  bottomless  caissons, 
or  by  means  of  pneumatic  caissons  Many  of  tl:  ■  bridge  abutment-' 
of  our   railways,  winch    are  supported   on    piles  have    been  pushed 
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fiirwiii-(l    l>y  the  pressure  of    tho  earth  embaiikineiits  aniJ  this    will 
usually    happen    where  the  bottom  is  soft,  liecause  the  whole    bank 
-settles,  atu)  the  lateral  pressure  causes  the  clusters  of  piles  to  springs 
forward  bodily.     This  may    be  prevented    by  drivin<;    spur  piles   in 
front,  or  by  dopositiii<,'  heavy  rip-rap,  or  by  land    ties  back  into  the 
lank.      Under  piers  in  soft  bottom,  piles  make  a  very  |,'o(m1  founda- 
tiiiti  when  the  piei  s  ai.'  well  rip-rajipcd  with  stone,  because    there  is 
nil  side  pressure.      In  driving  piles  in  soft  botttim,  begin  at   the  out- 
ride and  work  inwanls,  so  as  to  consolidate  the  ground.      When  the 
j.'round   is  hard,  begin  at    the  centre  and  work    outw^trd.      Sharpen 
piles  to  a  4  in.  by  4  in.  squart»  point    for  hard  driving  and  use    cast 
iron  bonnets  on  the  piles.     Pile-shoes  as  oidinarily  made  are    of  no 
use.     The  only  proper  shoe  is  of  cast  iron,  cono-shaped,  and  not  less 
tiiaii  8   in.  diameter  inside    the  rim,  with  a  IJ  dowel       Where  it  is 
necessary    to  cut    off  piles    under  water,  it    is  usually    done    with  a 
''orizontal    circular    saw  on    a  vertical    shaft,    the    drising    .ngine 
beitig  placed  on  a  scow,  or  on  a  frame-work  erected  for  the  purpose, 
but  when  the  piles  are  being  driven  through  soft  material  like  sand 
or  stiff  clay,  tho    heads  may  be   protected  by  a    metal  hood  and  the 
piles  driven  with  a  dolly  or  follower  to  an  exact  grade    This  is  done 
by  first  driving   a  test  pile  and  gauging  the  proper   lengths  of    tho 
others  each  by  the  last  one  driven.     Perhaps  in  driving  100  or  200 
piles,  five  or  si;:  may  be  too  long  ;  but  a  diver   can  be  sent  down  to 
eut  these  off.     This  method  will  be  much  cheaper  than  cutting  them 
all  off  with  a  saw.     Grade  is  given  by  a  levelling  instrument  set  up 
'III  shore.     In  a  large  work  now  doing  in  Canada,  hundreds  of  piles 
have  been  driven  to  exact  grade  in  this  way  in    water  50  feet  deep. 
I'l  places  where  piles  are  not  desirable,  the    ground  may  be    con 
^oii  iated  in  the  following  manner  :     Prepare   a  piece  of  hard  wool 
^  ill.  diameter  6  feet  long,  pointed   at  one  end,  and  having  an    iron 
liiii,'  on  the  other  end.    Drive  this  down  about  five  feet  with  a  hand 
inaiil,  pull  it  out  again  with  a  lever  and  chain,   pour  sand  or  gravel 
into  the  hole  and  pack  it  down  with  nn  iron  bar.      Begin.it  the  out 
side  and  work  towards  the  centre,  putting  the  holes  about  18  inches 
apart.      By  the  time  you  reach  the  centre,  the  ground  will  be  almost 
as  hard  as  rock.      I    have  used    this  very  successfully    under  bridge 
;ii)utmentsiind  turn-table  centre.,.     In  Paris,  the  trroiind    under  the 
Exhibition  Buildings  was  consolidated  in   this  manner,  though  on  a 
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linger  si'ftle.  Tlicre,  a  cone-sliiip«>(J  easiiiis  or  punrli  was  used  %  ich 
weis;lie>l  2,000  ll»s.  This  was  exactly  liku  tlie  liaminei  of  a  jiile 
.liivtT,  bein«  allowed  to  fall  from  the  top  of  a  pair  of  leaders  about 
•JO  feet  hij,'li.  The  punch,  (.11  fallin-;,  buried  it^self  in  the  soft 
ground,  and  was  pulled  out  by  the  wire  rope  attached  to  the  drum 
„f  the  eii;iine.  rtaiid  or  gravel  ^vas  th.en  shovelled  into  the  hole  and 
the  punch  allowed  to  fall  a>,'aiti  into  the  same  hole  ;  an<!  so  on  until 
the  hole  was  filled  The  leaders  were  then  moved  4  or  J  feel  away, 
aiui  the  same  thiiif{  repeated  uulil  iho  whole  area  was  consolidated 
in  some  cases  to  a  depth  of  fifteen  feet  Inilow  the  surface.  Two 
shapes  of  punches  were  used.  A  testing  hammer,  was  also  first  used 
to  test  the  carrying  capacity  of  the  natural  j^round,  so  that  the 
decree  of  additional  consoliilalion  re<|uirel   might  he  estimated. 

A  common  metluMl  of  placing  a  masonry  pier  on  a  pile  foundatio" 
in  (leop  water  is  to  build  the  pier  inside  of  a  watertight  caisson  or 
box  until  the  weight  .)f  the  masomy  sinks  the  box  on  to  the  heads 
of  the  piles.  This  was  done  at  the  Orand  Narrows  bridge.  Cape 
Hrelod,  in  70  feet  of  water.  At  this  depth,  the  pressure  was  30  lbs. 
to  the  square  inch,  or  over  ■_'  tons  to  the  .square  foot  ;  so  that  thor- 
ough caulking  and  inside  bracing  was  reciuireti  to  prevent  collapse 
of  the  caisson  from  the  water  pressure.  Another  method  is  to  sink 
H  bt)tloniless  caisson,  and  then  dredge  inside  until  the  box  sinks  to 
hard  bottom,  when  concrete  is  deposited  in  the  water  through  a 
chute  until  a  iliickness  of  concrete  equal  to  about  one-third  the 
ilepth  of  water  has  been  put  in  ;  then  pump  out  the  l)ox  and  lay 
the  masonry  in  the  dry.  The  deepest  foundations  of  this  kind  in 
the  world  are  those  of  the  Hawkeshury  bri<lge,  in  Australia,  where 
u;reaL  tioublo  was  c.iused  by  overloa<'ing  ihu  caissons  with  concrete, 
and  forcing  them  into  the  mud.  The  result  was,  that,  following 
the  line  of  least  lesi-iaiice,  two  of  the  cais.soiis  landed  several  feet 
out  of  hne.  [)redging  or  excavating  should  be  done  at  or  below  the 
cutting  edge,  and  no  more  wt-ight  used  than  is  barely  sutticient  to 
i.vereome  the  friction  of  the  material  against  the  sides,  until  the 
cutting  edge  has  reached  its  tinai  |H)sitioii  this  applies  also  to  pncu 
malic   caissons 

Next  omes  the  pneumatic  caisson,  where  men  work  in  compressed 
.vi.  down  to  a  dcplii  ot  90  or  iOO  feet  bel»w  ^he  w.^ter  level.  At 
these  depths,  men  can  only  work  about  J  of  an  hour  out  of  the  24  ; 
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find   this   i|  of  an  Iimii's  work   inn  #S.UO  or  flOOO. 

Pnkhmatio  Caisson  Wokk  A  sh'irt  fimf  ai;o,  I  wii  down  in 
ttie  woikinj?  cliafnlier  of  the  Qtieboe  bridy.'  ciiisson.  The  depth  of 
the  watt'i-  *iw  uboui  ;I7  feet,  and  the  pi e><surc  about  !"»  lbs.  per 
sqiiaro  inch.  The  bottom  was  lai-^'c  boulders,  gravel  and  sand. 
Mrillini;  of  boulders  was  ){uing  on  at  several  places  under  the  c'Utting 
«d;»e  in  about  two  feet  of  water.  The  centre  was  ^tevcral  teet  lower 
than  the  Hides.  I'nder  each  of  the  two  shafts,  'J  men  were  sfandin;{, 
one  holdintr  a  water  jet  of  100  lbs.  per  square  inch  against  the 
t^ravel  bank,  while  the  other  held  the  tlexible  end  of  a  4  in.  blow 
out  pipe  through  which  sand  and  ;;rave)  was  forced  out  by  l.'ie  com- 
pressed air  over  the  top  of  the  caisson.  Stones  'J  or  3  inches  in 
<liameter  went  out  through  the  pipe,  and  about  .'iO  of  the  whole 
excavation  went  out  by  tlicse  two  dischariie  pipes,  ilie  remainder 
being  hoisted  out  in  buckets  through  the  shafts.  Men  were  strippr-ij 
to  the  waist  and  the  place  was  a  busy  one.     The  shifts  were  : 

3^  hours  in  cais.son] 

\  hour  up  at  lunch]    1  shift  in  l'4  hours. 
3','  hour.s  in  caisson  | 

Pay  at  that  time  was  |3.00  jier  day  of  24  hours. 

Pnecmati  '  Caisson  Work  at  Hillsiiorough  Bridcb,  P.  E.  I.. 
Skason  ok  1902  :  The  pressure  was  32  lbs.  per  sq.  in.  on  pier  No. 
'.t.  Two  shifts  of  2  hours  each  in  24.  Interval  between  shifts,  4 
hours.  Wages  for  "sand-hogs,"  $3.25  per  24  hours.  50  "sand  hogs" 
on  the  work.  Temperature,  83  degrees  Fah.  in  the  working 
chamber.  2  schooners  were  carrying  6S0  tons  each  of  stone  per  trip 
from  Wallace,  N.  S. 

Strui'turks  of  Timber  ;  The  pitch  pine  timber  usually  imported 
into  this  country  is  the  long  leaf  pine  (Pinus  Sylvestris),  and  it  is 
.'■lily  itll  t.iiipeii  twnl)ei-  :  but  this  in  no  way  affects  irs  strength  or 
ilurability,  the  liquid  resin  being  confined  entirely  to  the  sap  wood, 
"iiich  in  sawing  is  nearly  all  removed  except  one  or  two  inches 
on  the  corners.  Long-leaf  or  hard  pine  will  last  IS  to  20  years,  ex 
lioseil  to  the  weather.  Timber  after  being  framed  into  a  structure, 
such  as  a  bridge,  and  exposed  to  the  weather,  incrciises  in  >  -engtli 
for  a  f<v.  yeafjj  and  then  decreases  rapidly.  White  pine  will  ineiease 
in  strength  20^  by  the  end  of  the  third  year,  and  should  he  renewed 
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14  t..  17 
H  to  10 


till-  t.'titl)  ycnr.  lloil  pine  wilt  iii.;mwH  '>  in  Htronntli  by  the  onii 
.it'  111-  Jlh  yt'iir,  Hiid  sliDi.ld  lu-  loiipwed  the  Hth  or  yth  year  Wood 
hiidgeson  thP  I.  C.  H.,-having  hard  piiif  chords,  white  pine  webs 
and  tJ.K)rs,  liiHtfd  U  to  J  J  y.-ars  -  aveniKe  \x\  years.  Wooden 
hriiljje-.  on  the  V.  K  I.  Railway  o!  while  pine  lasted  22  years. 
Wooden  l.rid«es  on  the  Canada  Ka.stern  are  now  in  use  17  years, 
rttH)rs  and  ccrinin  other  parts  having  been  once  renewed.  The  chords 
lire  of  hard  pine. 

The  life  of  linilier  bridges  on   the  Boston  and   Maine  Railway  is  : 

STHI\ciKK.M,»KAIU».      TKKSTI.KH,*  KAHi*.      TKI  SHE«,YKAK.S. 

Long  W»(  S..uihoni  pmo  12  to  14  15  to  L'O  15  to  20 

White  pine  l'»  to  12  yrs. 

Kpruco  ♦*  •"  " 

(SSee  KuK  New8,  Oct.   26th  1K99). 

Wood  is  coiiiposed  of;  .arlmn,  52.4  parts,  hydrogen,  ;>.  7  ;  and 
oxv«fn,  tl.!>.  and  the  specitic  gravity  of  Southern  pine  is  .64  to  .80. 
The  bark  forms  10  to  1')/,  of  the  volume.  The  annual  rings  are 
closer  tofietlur  at  the  top  of  the  tree,  and  lo^^s  cut  from  the  foot  of 
the  tree  are  7  stroni;er  iuid  two  pounds  per  cubic  foot  heavier. 
Thf  greater  tlie  weij^hi,  the  Greater  the  strength.  The  strongest 
wo.k1  is  one-third  the  distance  from  the  heart,  and  the  strength 
decreases  from  the  heart  to  the  peripliery  15/  to  25  .  l.ars^e  beams 
iirc  from  10  to  40  weaker  than  small  beams  of  the  same  material. 
Green  beams  fail  first  on  the  compression  side.  Seasoned  wood  is 
50  to  100  stronger  than  green  wood.  Wood  seasoned  out  of  doors 
under  shelter  retains  about  15;,  of  m;>isture.  Wood  used  indoors 
retains  about  10  of  its  moisture.  The  heaviest  wood  shrinks  most 
in  drying.  Tup  logs  shiink  15  '  to  20,;  h-ss  than  butt  logs.  It  is 
only  owing  to  the  looseness  of  textuie  that  most  limtwrs  are  lighter 
than  watiT.  Iiiiimi  >ioii  in  firsh  water  soon  after  felling  makes 
timbei  more  .lurablc,  and  one  year  in  salt  water  doubles  the  life  of 
limber.     The  lime  of  ftUing  has  no  effect  on  the  strength  of  pines. 

Creen  sap  wood  contains  about  50  >,  water  :  it  i.s  heavier  than 
lieart  wood,  and  the  part  formed  in  the  summer  is  twice  as  heavy  as 
that  foimcd  in  the  spring.  Sap  wood  contains  1%  to  4%  of  resin, 
and  about  Ji,  of  the  resin  is  composed  of  turpentine.  It  is  from  the 
sap  wood  of  the  long  leaf  pine  only  that  resin  is  obtained  by  tapping. 
Sapwnod   •-brinks  one  quarter    more  than  heart  wood.      In  trees  25 
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yciiis  old,  Map  w.h).1    chanf^ex  to  heart  wo<«l  in   .')U  to  »>0  ypni:-.      In 
wei'fi    the  Hues  of  HO    and  100  vciirH,  the    sap  w.hxI  is    ihi 


I  It'CS 


h.'t 


sti..Mj{HHi,  hikI  ill  the  short  loaf  piiieH  forms  alwut  60  of  tht 
voluiiif.  L'liHt'asoiieil  heart  wood  contains  alxiut  JO  „  water,  .iiid 
roiitains  ")  lo  iM  of  resin,  about  ,1  of  which  is  conifM.sed  of  tur 
I'liitiiie.  The  resin  is  thick  and  will  not  Aow  when  the  tree  is 
(;ip|ied,  the  cells  of  the  heart  wood  lieing  dead  and  containing  only 
lii  or  water.  At  tlir-  top  of  the  tree,  the  heart  wood  is  the  strongest, 
Hie  annual  rings  Iniirig  iheie  cKwer  lijgether. 

Strkssks   in  Timhku.     The  safe  allowable    stresses  for  use  in  rail 
vs.iy  work  are,  for  tuinsv.rse   rupture,  with  factor  of  safety  of  (J  ; 
White  I'ine         700  Ihs.  per  h<|.  in. 


Ited  Pino 
Spruce 
Hemlock 
Hard  I'liie 


800 

7(HI 

«ilMj 

1,L'0(» 


And  the  slreiigih  of  lieains  may  lie  ascrtained  thus  : 
M  -  \  ft.h- 

M   ^'  Max.  hendint;  inoniciit  in  inch-pounds 
f    -^  Allowt.)le  stress  per  »<).  inch  in  outer  fibre, 
b    -■  Kreauth  in  inches, 
h    =  Height  in  inches. 

Stklctl'hekof  Concuetk  :  The  be.^t  and  w  .1  concise  specification 
I  kiKjw  for  mixing  concrete  is  the  following:  — 

•  )ne  measure  of  sand  shall  he  evenly  distril)uted  on  a  timber  plat 
t.riii,  and  one  measure  of  cement  shall  bo  distributed  on  the  sand, 
itid  a  second  meiisure  of  sind  shall  be  thorout,'hly  mixed  in  a  dry 
-tale,  being  turned  over  with  shovels  until  this  is  accomplished. 
Water  shall  then  be  added  through  a  sprinkler  in  sufficient  quantity 
.)  convert  the  sand  and  cement  into  a  mortar  which  will  stand  in  a 
I  lie  and  not  be  fluid  enough  to  flow.  During  the  applicetion  of  the 
^  iier,  the  mass  must  be  coi  stantly  turned  with  shovels,  so  that  the 
•  .urtai  will  be  of  uniform  consistency.  The  broken  stones  shall 
i  -I  be  immersed  in  watec,  and  then  spread  evenly  on  the  mortar 
'■'  be  a  depth  of  about  fi  inches  ;  and  then  begin  the  turning  with 
liMvels.  Turn  not  less  than  four  t!;r,e8,  exerci.sing  care  not  to  heap 
ill'  masss,  but  simply  turn  it  over,  keeping  the  original  thickue.s.s. 

Kich  piece  of  broken  .stone  must  bo  coated   with  a  homogeneous 


•lU 
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i:i.„  .,f  ,,,.11.11,  A  f  ..I,  ti,„..|  f  ,;:  m.i'l."  fr..,i.  in.  st.'.-l  -Iwill  !.<• 
IIM'«1  1<>  J.llMlll    tlic  -(..ll'"'  fi') -iifliinji    I    >,■  iiiouI.Ih. 

foiun-U.  must  I)."  mix.-l  in  small  an,i  .  ..iivenioiit  .lU.n.lilit'H,  ami 
immiMliately  (leponit..!  in  iIik  work  U,f.M«  llio  ii.ilial  wt  l..-)<ins. 

Cravfl  will  milk.-  a  .I.-iimt  ton<i<'t.'  than  broken  Hton.-.  The  sand 
,111(1  gravel  is  ..f  as  much  im|M)i iHii.-.i  as  the  cement.  Stonn  masotis. 
,is  a  lull',  know  noihiiij;  about  nulkin^  concrete,  and,  because  they 
think  they  know  it  all.  are  more  dillicult  to  teach  than  an  oniinary 
l„bou  CI  One  goo«l  man  and  a  few  common  labourers  i.s  all  that  is 
ne.d.'d    for  the  best    concrete  work,  and  ibis  is  why  it    is  senerally 

cheaper  than  stone. 

Concrete  wcake-  than  ccin.-int ,  one  part  -sand,  two  partf— broken 
stone,  4  pkris.s|,.,.,ld  ti..t,  b  •  .1..-  I  for  i  liKv  iv  .v..rk  ;  but  20  '  of  stone 
displacers  may  be  used  wi.e.v  wain  are  sulHcienMy  thick,  provided 
the  Mones  do  not  touch  each    other  or  come    nearer  the  faoe  than  2 

or  .'$  inches. 

Put  in  iixj.aiision  join's  about    every  .<»)  to  50  feet  by  putting  up 
a  boarfl  in  the  moul.i  with   tarr.d   paper  lM'hin(l  it.      Place  the  con 
Crete  nuainst    the  paper,  and    remov,    the    board  after  th:>    concrete 

has  set. 

Hard  stone  is  better  than  soft  st.mo  in  concrete,  for  the  reason 
that  it  absorbs  less  water  than  soft  sfone. 

Masjnesian  limestotie  absorbs  It  its  i^ulk  of  water. 

Oolite  absorbs  1-5 

Compact  sandstone  absorbs  l-x. 

Hard  granite  absorbs  1-40. 

The  bioken  stone  must  be  soaked  with  water  and  the  mouhls  must 
be  kept  wet  also,  so  that  the  watci  n,ay  not  be  absorbed  from  the 
cement  before  the  concrete  has  set.  Cover  the  concrete  from  the 
sun  and  wind.  A  <tone  mason  will  get  !m  moulds  ,.ff  as  so.,n  as 
possible,  so  that  the  concrete  may  "dry  out  ,  as  he  terms  it  ;  but 
this  i,^  an  error;  the  water  docs  not  evapor.ite.  l)ai  c-ombiiics  clieim 
rally  with  the  cement. 

The  cost  of  good  eonerete  in  Canada  is  from  S"".  OD  to  .«lt.'UO  per 
cubic  yard,  accor  linu  to  wher-  the  sand  an  I  ■^va-.rl  ,..,,,.  f,  m^i  milI 
the  time  of  year  in  which  the  work  !<  dmie.  Tt  may  be  built  in 
winter  by  heatinj,'  the  niaterals,  but  this  will  m.il.e  ;*  ci.si  ^10  00  r.. 
i?l2.00  per  cubic  yard 
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.Mixturi'H  I    I    ,ji^,'  I    an-  uh.-<J  in  ii..»vy  w,»||h,  mu,},  at '-Html   Un-ks 
"'         I    I    4  M    I    "'"'  '"■"'k*'  Hhutiiii'titd. 

A  «fi»T    fttciii«  ii   put  on  <.f    II  u  or  12  0    from  IJ  in    to  l^  in 
•  liuk,  but  fare  n.UMt   he  taken  that  it  in  placed  at  the  wme  tin.o  ai 
(lie  Ixxiy  ...ncroie.     Any  face  work  done  with   the  trow».l  after  th.- 
LxJy  l.rtN  wt  will  con.,,  off  in  two  or  three  years.      If  you  wish   t„ 
lender  concrete  water  tijjht,  brush  it  with  four  coatH  ot  cement  wa«h. 

of  oeinont,  fi  p.irtH  ,  .and,  1  ,.itrt.  Mix  tlui.l  in  buckets  close  to 
the  work  and  use  iinu.odiately  If  you  wish  to  protect  iron  foundn 
nons  fro.u  corrosion,  cover  the  metal  with  ;»  in.  of  concrete  and 
t.iush  on  tlirec  or  four  coats  of  IxKlinR  tar. 

Watkkway.s  :   Diverting  streams  to  save  baildins(  .ul  verts  usually 

uuses  trouble;  and  the  law  is  that  if  y.,u  divert  a  natural  waf-r 

<ourse  you  muu  take  charge  of  the  water  an.l    pay  any  damage  ii 

"lay  do  between  the  jn.int  where  the  diversion  logins  and  where  it 

loins  the  original  watercourse. 

I'he  proper  openings  may  be  calculated  from  Myers'  formula, 
"hicli  is  :  — 

Area  of  waterway  m  s,,   ft.  =.0  x  ,  drainage  area  in  sq.  >.. Tes: 
For  comparatively  flat  ground  or  slightly  rolling  prairie,  C  =  2 

Hilly  ground q^.^ 

Mountainous  and  rockv  ground C^4 

The  drainage   areti    u.ay  often  be  approximately  obuined    from 

iiiaps, 

The  openings    used  on    the   H     k    Island  i    Pacific    Railway  in 
K  msas,  Nebraska  and  K  is-erti  Colorado  are  :  - 


,,,,,.  WIN.  (acres) 

1  line  of  It,  in.  cast  iron  culvert  pipe       21) 


I 


21)  " 
24  " 

;«» " 

48  " 


do 
do, 
do. 
do. 
do. 


K  ft.  Arches.  4  ft.  sid.?  walls 

«       "  4  "  do. 

10       "  5  "  do. 

12       "  6  •'  do. 

1'!       '•  H  "  do. 


»} 

45 

70 

110 

18<) 
24U 
320 
500 
720 


MAX. 

4U 
60 

go 

140 


360 
400 
650 
860 
1,300 
2,300 


g.,  NOTK.S    ON    nAILWAT    WOBK.  

\iiother  fiirniulit  is  ■  - 

Artrt  of  waterwiiy  in  si|.  ft.         '■        ^.  " 

For  ordinary  rtnt  and  r,.ll.ng  l;inH,  hs  fc.und  in  ^ood  ^     ^. 

agricultural  countries 

For  vory  mountainous  country,  nlopes  steep  and  abrupt ^  - 

VVATKRWAYS 

Track  openin;:!.  N.   Y.  Central  standard: 

5  acres  steep  slope      10  in.  pipe 

-,     •'      tut  land        10  " 

1""      " 

10     "  do.  A" 

20     "         do.  1" " 

05     "         do.  1**" 

:u)    "        do.  •^^ 

70     "  d(j.  "'-' 

no   "       do.         •"'" 

Pip«  culverts,  miunnum  f»ll-:<  in.  in  V2  feet. 

THICHNESS   RK.^l  IREl.    FOR  tl'LVERT    lll'EH- 

<a»i  Iron  Culvert  Pipe  . 

12  in.     diameter  =      '{  '«•  ^^"^^ 

18  "  "  =      ^  "      'I 

24  •'  "  -      1  " 

1 ' "       '■ 

.1  ^      1A"       *' 

48  "  "=      ^4 

Concrete  Culvert  Pipes  : 

I'nder  SO  in   diameter  '5  m. 

TO  in.  diameter  =     4  " 

....  ..         ..  -.      H  "  thickne.s.s  ..f  wall 

■w 

42  "         "  =     « 

48  "         "  ="8    ' 

84  "         "  =    ^- 

..0  '•      "  -  1-  '• 

Fjuthenware  Double-Strength  Culvert  Pipe 

12  in       =  li  in-  thick.  30  ct«.  per  foot 

15  "■      =  ij  "      '        4^  "  " 

ttt  i'      =  2     "      "       *"'0  " 

24  "       =  2?.  "        '    1  40  " 

It  is  not  good  practice  to  lay  oarth«nsvare  sowor  pipes  ovor  1 5  ..► 
diameter.     For  larger  pipes,  use  cast-iron. 


^^mm 
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Hmi.wavson    Pkat  Bogs  ok    Swami's  :  Siiould  your    line  cioss  a 

trass,  jieat-bog  or  .swamp, 

(I)   I)r;iii)  and  s'  !e  ditch  wlicre  pussible,  iitid  thus  make  I  )g  firm 


ii'.'t(c'>'\ije  to  cross    log<;iug 


bitches 


may 


be 


po>*sioJ(», 


til  50  feet  from  the  centre  line. 


■iioiigli  to  cii' 
n  feet  deep,  a  ■ 

(2)  Do  not 
lie  considerab  :,  ■)  -y   «.-';->ro  oog  is  nea 
sustain  the  bank.     The  cross-loas  broaden  the  base  and  form  a  lisrht 


og  wl  eri'  bank  is  high  and   settlement  likely  to 
ro  oog  is  nearly  but  not  quite  sutticient  to 


matt' 


rial  for  part  of  the  bank  ;  used  in  any  "ther  way,  they  are 


more 


harm  than  good. 

(3)  Keep   grade   low. 

(4)  Make  banks  a.s  light  as  possible,  using  turf,  peat,  sawdust  or 
<inders. 

(•"))  If  sides  bulge  up  much,  leave  only  5  ft.  benn  between  toe  of 
blank  and  edge  of  ditch  ;  but,  if  no  bulging,  make  berm  as  wide  as 
possible. 

(0)  If  bog  cannot  be  drained,  then  lengthen  the  wave  motion  by 
iross  logging  ;  fiist  tier  25'  to  40'  wide,  laid  longitudinally,  second 
lier  transversely.'  Fill  interstices  with  turf;  put  three  inches  of 
sand  over,  then  surface  with  cinders.  If  crust  breaks  through,  fill 
with  loose  stones,  as  clay  spreads  out  in  the  semi-liquid  peat. 

(7)  In  water  and  very  soft  mud,  build  cribs  as  wide  as  the  bank 
will  be  at  the  point  where  you  think  the  toe  of  the  crib  will  come 
to  rest.  Put  a  close  floor  near  the  bottom.  I^et  the  weight  of  the 
tars  containing  the  filling  press  the  crib  down  into  the  mud,  and 
keep  building  on  the  top  and  raising  the  track  as  it  sinks.  The 
niore  filling  done  into  the  crib  before  the  train  comes,  the  less  track- 
lifting  will  be  required. 

Peat  bogs  usually  contain  75%  to  90%  of  water,  and  it  is  because 
•>t'  this  excess  of  water  that  trees  will  not  grow  on  them.  The  rcwts 
must  breathe  the  air  or  the  tree  cannot  live.  In  the  Dismal  Swamp, 
•li»>  roots  of  the  trees  grow  in  vertical  curves,  so  that  some  part  is 
ilways  above  water. 

Settlembnt  ok  Banks  ;  Embankments  will    settle  more  or  less, 
tc  cording  to  the  materials.     Settlement  is  from  2hi  U»  1%. 
Loam  settles  most ;  clayey  soil  next  ;  .sand  and  gravel  npxt 
Kiir  embankments  made  by  scrapers,  allow   3%. 


L«v 


'-'f.^tJl. 
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For  pmlniHktneiils  niiule  by  whet'l  .scrapers  allow  5  '. 
Cars  uiiloadin«    from    teiiiporory  trestlcH         "       «/; 

Stonk  Masonky  Uetainin<;  Walls  : 

:$-7  ..f  h  over  footings  for  bank  level  with  toj* 

surchnrged  wall 
bad  masonry 
bank  of  bad  materia' 


1 


(very  important  wall 
dr 


dry  n)Hfonry 
6-10     when  any  two  of  above  exist  together. 
(See  Eng.  News,  Jan.  26th,  189.1.) 
The  line  of  pressure  in  a  soil  diverges  f.oin  the  vertical  at  half  the 

anirle  ot  repose. 

(See  Trans.  Can.  See.  C.  E..  1X9  i). 

In  North  America,  put  foundations  down  not  less  than  4   to  •> 

below  the  surface. 

It  sometimes  happens  that  well  desi-ned  retaining  walls  are  des- 
troyed by  pressure  from  a  clay  backing  when  the  clay  has  seams  of 
sand  runnin^  through  it.  When  an  excavation  is  made  these  seams 
are  exposed.  In  dry  weather,  cracks  from  the  surface  will  pene 
t  rate  down  v^  nl  until  a  horizontal  sandlayer  is  reached,  and  the 
sand  will  be  carried  out,  leaving  the  clay  surfaces  to  slide  on  each 
„ther.  At  Ste.  Anne,  in  Queb©.-,  whole  farms  have  been  destroyed 
in  this  way.  In  one  case,  a  hiii  moved  a  {  of  a  mile,  filled  the 
river  bed,  and  covered  up  a  grist  mill.  At  the  Soulanges  canal, 
the  whole  side  sL.pe  of  the  canal  slid  in  for  \  of  a  mile,  destroying 
a  bridge  and  causing;  damage  to  the  extent  of  $100,000.00.  It  was 
ronsidcrcd  t„u  oxiioii.ive  to  build  against  this  immense  pressure, 
and  the  canal  v^as  di edged,  leaving  the  ragged  side  as  it  fell. 

Appkommatk    KsiiMATEs:  You    have  a    ravine  to    cross  with    a 
steel  trestle,  a..d  >ou  «aut  a  (luick  estimate  of  the  cost.   See  Plate  I, 

Area  of    A  H  C  1>  K  in  s.,.  ft     x  ^  .    lbs.    of    metal    in    towers   ...id 

8A  for    a  viaduct  1(X»  feet  high 
,,i         ..       ••         60        " 

kJ       •>     "       ;50 

Girders  in  lbs.  per  foot  of  span  i»  (»L -<- H»0). 
Estimate  at  5  cts.  }>er  lb.  erected. 
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Ti   i!:KH    'iKrsTI.KS  : 

lle,-!lt  10  f 

"    ;jo  ' 

40  • 
"    50  ' 


;io,.">o(> 
:)8,f.oo 

47,000 
55,2(J0 

Cost  of   tinu^er  per  B.  M.  = 

Labour  on  timbta-     "  "     = 

Wrought  iron  = 

Cast  iron  = 

Stone  masonry  per  cu.  jd.    — 

Concrete  = 


l.'r,,7tiiMi.  h.  M.  (..■r  ICOlin.  fr. 


do. 
do. 
do. 
do. 

ei7.0(t  to  827.00 
6.00  to      7.00 

.0« 

.0.1 
S.QO 
0.00 


Paintix(.  Bridges  :  As  a  rule,  metal  bridjjos  suffer  for  lack  o( 
siaiiit.  Tiie  best  paint  for  metal  work  exposed  to  its  greatest  euemy 
—salt  air  or  salt  spray  is  : 

i  red  lead  by  measure^   -      , 

I  iron  oxide  }  ^°'  '^^  «»»' 

Iron  oxide  for  second  coat. 

When  subjected  to  salt  spray,  sciape  and  paint  once  a  year. 
<)Me  pound  covers  6  square  feet  of  surface.  For  steel  exposed  to 
locomotive  gases,  use  a  mixture  of  red  lead,  Porliand  cement  and 
linseed  « i,,  put  on  |  in.  thick  with  a  trowel  :  costs  8  cts.  j-er  .square 
f'ot.     See  Etig.  News,  24th  April,  1902. 

.Vo  paint  should  be  applied  to  a  damp  surface,  or  at  a  temperature 


■low  40  degrees  Fah. 


A  very  good  iron    oxide  paint  is    sample  No.  103,  I^each,  Neal  A 
'■.,  Ltd.,  Derby,  Eng.— 2|  cts.  per  lb.  in  St.  John,  N.  B. 

\Vii.\RVES  :   If  you  have   a  wharf  to    build  where  large    steamers 
Mil  (li.scharge,  it  will   be  well   to  know  that  in   New  York,  500  lbs. 
T    r  s.juaro  foot  is  st.-indard  loading  for  wharves  ;  anrl  this  necessi- 
ties piles  to  be  driven   ()  feet    centre  to  centre    tiansversely,  and  ,'^ 
'■ '"  ct'iitrri  to  centre  longitudinally. 

San    Francisco    pile  wharves  are  designed  for  L'.'iO  lbs.  per  squaie 
^'"'><  of  tloor,  with  a  safety  factor  of  4. 

I'liiladelphia do.  f-.,   700  lbs.   per  si|.   ft.  -siKty   ;;. 

I'.oston  A-  New  York. .  do.  for  400  to  000  lbs.  "      --     "  '    r, 

">'«'""   do.  for  300  lbs.  per  sc|    ft.   ~ 

(See  Engineering  Record  8th,  15th,  A'  2!)tli  .Line.  'S'JOi. 


,>  .  .VuTi;s    (IN    KAII.WAV   WORK.  ^ 

,,,    pile,l   ,.„,l.e  rt,...,s  of    ,l.e  warehouse,  ..  .eems  U.  me   that    -I u 
;;:;„.r!;l...  h.  .iesi. ....■  .u., ess  tluu.U.O,l..po.s,..e  foot, 

,„^,^.,    „,,  .,,.,.,    .,  .l.icl,  .s    ,l..s„no.l    to,.  ...0  11,       per  s,,.  foot  .n,. 

tl,(.  n.ot  for  ►JO  lbs    per  s.iuaie  foot. 

,j,,,,v   n,Ns:   There  .s  aKo   a.nun  ..W.or  at  St.  JolM,  :   a,,.l.  ... 

...,;;"    houhl    have  anvtl  i..^    to  do  wuh  desi.ni..^    ,ra...  b...s  o^ 
\  h    V       wonl:!  he  -il   to  ,>o.e  that.  aceo,vlinu  to   ,eee,,t  exper. 

:;;^Xe,^     >.n theho,to.nofa,.au.bi..    is..otthatf.o-.. 

Twh    r  1      Uht  of  the    .ra.o.  bnt    f,o...    a  co..e-shape,l    ...ass,  the 
„:     !    wh.J.  co,.e  is  ah..o.  exae,  Iv  one  half  t   e  pen tor 

;!,;:sure   auai,.stthe    suie.    shouUl  be    ealeulated  o,.  the    hj.hauhc 

iheoiy. 

Konmila  for  wei-hi    on  bottom  ; 

!■   -.    AC  1>W  l.O:iADW 

_*'.    .  (•  1)  W        -     l.<«  DW 
A 

p  .,  l.m  ADNV 

\   =.  Area  of  bottom  in  s((.  ft 

D  -    Diameter  of  iuscnhe-l  e.iole  ...  feet 

C        A  constant  aelermi..ea  by  expenme..t,   -   1.0.^ 

NV  ..  Wei -l.t  of  a  cubic  t„.,t  of  whea^    '   4«.t.  U.s. 

UaM  s-  Steel  .a.lsa-e  a  very    important  part  of   a  .a.Uvay^     T'"' 
,  ir...."s,....icat..,.  for  steel  ...Insofar  as  a.  p.ese..  known, 

V;:''      0.10/ 

^'IT'm ...008% 

J'hnspl-or.s,   Max 0.07;.:. 

M,ui«anese.   M  ^x O.KH) 

^.,,KH^.<-     Some    An,enean    specifications  eall  for  ea>  hot,   as 

•  '   .    .  f    .n.'break  .-es  ,n  Sw..len  to  prove  that  any.h.n,  over    12 
„.u.vs  f.on.  b..,.U  ^^  ,,i,yspho.-us  over    ..:., 

:-r::-r'™bo.;:;:.li-^i^-A.i.^^^^^^ 

hrittleand  liable  to  b.eak  in  cold  weather. 


"ffM^lW 


WM.   I).   MI'KEXZIE,    C.   E. 


37 


Track  :  The  ttMiJency  is  to  uso  heavier  rails  as  traffic  increases. 
Adding  to  u  iH)  lb.  rail  increases 


10  lbs.  per  yard 
'JO  "         " 


Weight     StiHriess     Slronijth     Dunihility. 

lt>.7  ;«)  2v>  h:\  ' 


:«.:5  7!t/  54  l(i7 

Kails  become  unservicabie  when  1")  of  the  liead  is  worn  away. 

Hail-Joints  :  The  best  rail-joint  for  this  country,  in  luy  opinion 
is  the  G-bok,  3-tie  supporte;!  joint.  A  rail  joint  is  the  last  place 
where  rigid  economy  should  be  practiced,  for,  no  matter  how  good 
the  bjdy  of  the  rail  is,  the  track  is  no  better  than  the  joints  are. 

Kails, — Carhojj  :  The  danger  of  hitjh  carbon  in  steel  rails  is 
shown  by  observations  in  Sweden  from  1M72  to  1901,  ^^  "29  years. 

'iiiiriieH's  rails  with  0.42     carbon- -tnictures  were  0.24   |    per  10,000 
0.r,o  /       "      _         ••         ••    11  5fi  j-  r^ija 

Burrow    rails  with  0  42      carbon— fractures  were     1.271 

"    0  4H,         '      —         "  "       7  201  do. 

Kail.s-High  Phospiiorl's  :  The  danger  of  high  phosphorus  is 
-liown  thus  : 

111  Krupp's  rails,  carbon  0  28,  pho.sphorus  .090 -HO.  62  ~|   rractures  per 
In  Khymney's  "         "     0  42,  "         .OC9=7.CO/     1,000  rails 

Both  22  years  laid. 

liessemer  basic  steel  rails  are  unreliable. 

l.'nion  German  rails— carbon  0.32  ,  phosphorus  0.076  ;,,  show 
-'•'».;■");$    .  of  fractures  per  10,000  rails. 

Kails  used  in  England  and  Sweden  are  mad  i  of  Besse:ner  acid 
steel,  from  pure  ores. 

Track  Ties  :  The  life  of  nulway  ties  is  in  this  country  : 

Taraarac 9  years  (very  scarce). 

Prince's  pine .8     " 

Cedar »>  to  10  ytars 

Hemlock 7  " 

Black  Spruce (1  " 

White  Spruce 4  " 

Red  pine 4  " 

Fir  .3 

Some  people  have  numberless  ideas  rolling  around  loosely  in  their 
heads  without  the  power  to  put  them  to  any  practical  use,  or  even 
work  them  out  far  enougli  to  demonstrato  either  their  value  or  their 
ari-urdity,  us  l!io   cusc  may  be.     They  will    .spend  iiours    in    teiiiug 
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vo.,  how  tl.m^'M  ,„ii.l.t  lH>  .ione,  without  even  thmkins  of  workinR 
them  out  o>.  paper  an.l  esiimating  their  co.t.  Perhaps  an  hour  s 
work  with  pcKil  and  pupor  w.ll  prove  the  scheme  to  be  either 
n.echanically  impracticable,  or  to  be  an  absurdly  expensive  way  of 
altiiining  the  desired  end.  . 

In  case,  of  emerjiencv,  such  as  arise  on  railways  when  bnJges, 
culverts  and  road  beds  arc  washed  away,  Pnd  repairs  have  to  be 
made  on  slmrl  notice  and  with  little  n>eans,  the  resourceful  man  is 
the.,  at  his  best.  This  .nan  is  one  who  has  native  intuitions,  is  a 
close  observer,  no  bousicr,  a  .nan  uf  judgcnent  and  tact,  and  one 
who  will  benefit  by  the  experience  of  others  as  well  as  his  own.  To 
this  persoM,.,uick  an.l  cheap  methods  of  doing  things  in  an  emergency 
will  suggest  themselves 

Occasions  n.av  arise  when  vou  will  also  be  called  upon  to  think 
and  act  .[uickly.  If  you  are  .nen  of  resource,  you  will,  with  a  very 
Ihnited  outtit,  acco.nplisi.  more  than  ordi.iary  persons  with  every- 
thing to  hand. 

Once  upon  a  time,  the  Chief  Engineer  of  a  railway  and  his  master 
worked  all  day  d.-iving  piles  a.id  building  up  cribwo.-k.  to  prevent  a 
stream  f.o.n  carrying  away  an  emba..kn.ent  and  stoping  traffic.     In 
the  evening,  their    construction  ha.l  gone    the  way  of  all  the  earth. 
V  far..ier  who  had  been  sitting  o.i  the  fence  watching    the  proceed- 
ings then  ca.ne  over  to  the  engineer  and  ve.-y  modestly  said  that  he 
thou.'ht  he  could  "hx  it."    He  was  told  to  try  his  hand.   He  ordered 
;}  or  4  of  the  men    to  go  over  to    the  hillside,  cut   .so.ne    brush  and 
biin^  it  down.     Going  to  the  foot  of  the  bank,  he  threw  the  brush 
,lown  whe.e  the  water  was  scouring,  shingling  it  on,  one  piece  over- 
lappi.ig  the  other,  and  staking  each  piece  in  place,   until  in  an  hour 
the  .scouring  was  arrested  and  the  bank  saved.     None  of  us  "know 
it  all",  and  the    engineer  who  is  not  all    his  life  a    scholar  will  very 
M.on  l)eco...e  fossili/.ed  and  degenerate  into  a  back  number. 

Bismark  once  said  that  he  geneially  managed  to  profit  by  the  ex 
j^orience  of  others  .ather  than  his  own  ;  and.  .e.ne.nbering  the 
fanner  and  his  brush,  it  once  ca.ne  my  way  to  check  a  stream  m 
its  en.Jeavours  to  dest.-oy  things.  The  track  master,  who  had  an 
engine  and  train  at  his  command,  said  -'-W,-  want  a  t.-ain-load  ot 
"stono    hrown  in  the.v.  and  I  can  gr-  it  thr.H.  ...iles  awvy.  '      I  asked 

I         1       .     .-,-.j  T  .1.1  |,...l-»  a  liftle  ox 

him  .      eave  six  men  u,nil  a    iia::;.  ...•.!,  .i.;-.   ■■         


periment  -d    .ny  own  while   he  was  g^.ne. 


You  w 


ill    ob-serve  I  said 
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iiothiii-,'  about   having  borrowed    ideas  on    the    subjpot.     Cuttinf,'  ii 
timiiber  of  spruce  trees  about  fi  in.    in  diameter    and  I'D  feet  higli  a 
sliort  distance  away,  I  transporte<l  them  on  the  hand-car  and  rolled 
them  off  down  the    bank  into  the   water,  fastening   each  one    with 
:i  piece  of    fence-wire  to  the    track-ties  and  shin-lins  them   along 
one  outsi(ie  the  other      liy  tlie  time  the  trackmasier  and  his  train 
of  stone    returned,  the  whole    tiouble  was    over,  and,  although   the 
st.me  was  thrown  in,  there  was  no  necessity  for  it.     Since  that  time. 
I  have  had  enough  assurance  to  think  that,  with  some  spruce  brush, 
.1  little  fence  wire  and  enougl.  rough    logs,  I  could    very  quickly  got 
over  any  wash  out  likely  to  occur  on  a  railway.  The  common  woven 
frnce  wire  is  a  very  useful  article  in  ca.ses  of   emergency     You  can 
'ake  !.  web  of  it,  cut  it  down   the  middle,  and  roll  it  up  into  a  cable 
which  a  locomotive  could  not    break.     If  you  want    to  climb  a  cliflF 
•o  i,'.:i  an  overhanging  dangerous  rock  down,  send  a  man  around  the 
iiill  with  a  coil  of    the  wire,  and  have  him    throw  one  end  from  the 
<>>]>.  fastening  the  other  securely  ;  then  u.se  it  as  a  ladder.      Do  you 
^varit  heavy  rip-rap,  to  put  aroui.d  a  pier  which  the  current  is  trying 
">'Cour  under  and  destroy?  Do    not  telegraph  to    headquarters  for 
I OO  yards  of  quarry  stone,  whi.li  it  would  take  a  month   to  get; 
I  ml  take  a  web  of    this  wire  and  cut   it  into  pieces  large   enough  to 
t  .nil  bii^'^    holding  each   on !  or  two    bushels  of  smill   stones  which 
v,.ii  ran  get  almost  anywhere,  and,  when  you    have  closed   the  bags 
i.y  twisting  a  few  wires  together,  dump  a  lot  of  them  down  one  on 
■«p  "i    the  othei',  and    the  current,    may  do    its  worst,  but  it  cannot 
li-pl.ice  these  bags  of  stone.      English  engineers  have  done  this  very 
■icccssfully  years  ag.>  in  India  ;  but  that  was  before  the  days  of  fence- 
Mi-^.  and  their  bags  were  made  of   h.-mp  ropes.     If  you  cannot  get 
I'i'-  -lones  or  the  fence  wire,  then  keep  th.;  telegraph  wires  hot  until 
w.u  -pt  a  few  barrels  of  P.Mtlaii.i  romrnt.     A  lot  of  one-bushel  bags 
iM  be  gotten  almost  anywiu-re,  und  s.md  is  usually  somewhere  near 
'•  hand.     Take  one   pai  t  of  cement  and    six  .ir  seven  of   sand,  mix 
•^■H,    thoroughly,  dry.  (ill  the    bags,  tie  them    securely,  and    dump 
•-■  .1  into  the  water.      In  a  few  hours,  you  will  have  the  b.'st  riprap 
loll  it  is  possible  to    make  and  your  pier  will    be  saved.     This  re 
-M,  1<  me  of  other  uses  to  which  fence  wire  may  be  put. 

•'"'^  of  the  abutments  of  the  Hedfoi.!  bridge,  near  Halifax,  built 
■-  1"^'^,  was  badly  tracked  and  showed  signs  of  general  col'apge 
'■  >"•■<-:  wiio  tliought  they  knew  said  "7V»^i  it  d„u-^i  and  rebuild  it.'' 
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N.w    1  .Jisliko  .akin«   things    .l..vv„,  .mi  I    lost  four  or    five  hours 
sU-op  o,>e  ni«ht  stu.iyin.  u U  h  plan  to  avoid  tearing  it  to  p..ceH       h. 
plu,^^...k.>l  out  to  ,,t.rtV..ion,  which  i«  an   unusal  thing   for  pKus 
ie.n  the  silent  wLhes  of    th3  night.     I  drilled  holes    f..m  s.de 
„..side    of  the    ai.utmentand    put  three    long  rods    through,  1,  .n. 
diameter.     Ne.M,  1    pointed  up  all    the  joints  with  cement-     Next, 
:;...redit    with  a   four. nch    mesh    netting  of  No.  9  w.rcs.   la.d   on 
vcMticallv  and  horizontally.      Next,  filled  the  u.terst.ees  of  the  abut 
n.ent  wi'th  cement  grout,  poured    into  drilled  holes  at  the  top  ;  and 
cased  up    thewlu.le    ontside  with    18  inche.,  of    concrete    making  a 
perfect  piece  of  work.     Somewise    people  from    Halifax,  who  were 
•^m.nering    at   Be.lfor.l    and    seeking   a    little  relaxation,    thought 
H  Uieirduty  to  notify  our  General  Manager  that  he  could  no   sur^y 
be  aware  of  the  childish  things  that  were  being  done  at  Bedford  by 
l,is  subonlinates,  and  that  they  were  actually  trying  to  keep  up  the 
abutment  wiH.  telegraph  wire.     Soon,  you  young  -''". -';7/;  ^^ 
in  this  room,  will  1«  the  men  in  our  places,  doing  work  of  the  same 
kind    w'lich  we  older   men  are   now  doing  as    best  wo   can,  and  you 
will  do  it  n>ore  perfectly  and  with  n.uch  greater  ease.     Youradvan^ 
tages  are,  and  will  be,  better.     You  start  out  better  finished^     You 
have    the  experiences  of  others  behind  you.     You  .r.n  avoid    their 
.ni.takes  and  profit  by  their  .successes.     Your  professors  are   up    « 
date    and    can  give  you    the  latest    information  on   all  the  subjects 
tau.'ht        Notwithstanding  all  this,  success  will  always  and    orever 
dep"end  entirely  upon  yourselves.     I'  vou  are  willing  to  work  hard 
and  study  as  you  go,  to  work  at  a..,  .ort  of  drudgery  which  comes 
„ea. est,  thus  fitting  yourselve.s   for,  and    always  being  able  to  effic- 
ently    till,    a    better   position    when  it    comes  :  this,    coupled   with 
■  honesty,  truthfulness    and  a  character  above    reproach,  will  romp»l 
.ucces^  in  the  noble  p.ofession  of  the  Civil  Engineers, 


Construction  of  tl^e  Bish  River  Branch 

OF   THE 

BANGOR  AND    ARQOSTeOK    RAIliWAY. 


Moset    Burpee,     ehief    Engineer    S.   &    A.    Ry. 

Makch  2<>ii{,  l!KiM. 


I  HE  H.  it  A.  1{.  ]{.  System  now  include*  a  line  built  iif.  the 
Baiif,'or  it  PiscatiKjuis  iR'tweon  1S70  and  1880  from  Old  Town  to 
(iieenville,  7G  miles,  with  a  braucli  from  Milo  Junction  to  Katahdin 
iron  Works,  1!)  miles.  The  elevntion  at  Old  Town  is  alx)ut  100.0 
hIjovc  sea  level,  and  at  Oieenvilje  about  1030.0  involving  a  consid- 
eiable  rise  near  the  head  of  the  Piscatacjuis  Valley  where  in  one 
(otitinuous  incline  about  12','  miles  lon<^  the  elevation  rises  from  450.0 
to  10G8.0.  This  occurs  between  54.5  and  07.3  miles  and  crosses  tiie 
water  shed  between  the  Penobscot  and  Kenel)oo  rivers.  The  latter 
i-i  reached  at  Moosehead  Lake,  at  the  southern  end  of  which  the  town 
of  Greenville  is  located.  The  rise  from  100.0  to  450.0  is  very  grad- 
ual and  undulatinj;,  being  made  in  a  distance  as  above  indicated  of 
54.5  miles. 

The  first  50  miles  or  .so  of  the  line  has  good  alignment  as  well  as 
easy  grades,!.  in  the  upper  part  of  the  valley  where  a  long  gradient 
must  be  developed  in  the  surface  of  the  country,  it  must  conform  to 
■iuch  alignment  as  is  afforded  by  a  (juite  steep  bank  on  the  east  and 
noitli  slofje  of  the  Piscataijuis  Valley. 

The  Katahdin  Iron  Works  Branch  follows  the  Pleasant  River,  a 
In  iinch  of  the  Piscataquis,  has  no  heavy  grades  nor  interesting  features 

The  B.  it  A.  R.  R.  Co  .which  now  owns  the  above-mentioned  roads, 
was  organized  in  1891  to  build  from  a  point  on  the  Katahdin  Iron 
Works  R.  R.  near  Brown ville  through  Piscataquis,  Penobscot  and 
Aioostook  Counties  to  the  8t.  John  River  at  Van  Buren  and  Fort 
Kent.  The  location  does  not  follow  any  large  vallev,but  crosses  the 
water  sheds  between  several  branches  of  the  Penobscot,  and  comes 
into  the  valley  of  St.  John  in  the  Town  of  Smyrna  about  15  mile.", 
west  of  Houlton,  the  summit  elevation  heie  being  about  045,0.     The 
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c i..B  ."  '1-  -»"-.«  • '  '■'■'• ""IJ     .    1     .....1.  » I""  • 

,„„„«;„,  .1,1.  -"'V";     ''Vll  Jm,  .      A.CnUu.t.U 

,„„..  „,„.,„  ..f  P.o.,.e  M-  .y  «  ;      /:;„  ,;,„„  s,.  .1......  V».. 

therly  course.  foUu^vm^  ll'«  y^"^)  ^,,^  ^,^,e,. 

•.     1        I        TliPii    will  111!  i<Pl>i>'« ''''•''     II'"'   "-'"^ 

"":^ ■;"\^::I':,,nM:v':::/:;;lv■. .» 

tenmmun  ot    Uii!i  i)r<iiii-ii 

Junction.  .   v„nt   U ->>  iniW's.     About  on<>  mile  nortli 

,.,  Ashlan.1  to  I'ort   Kent  .    .  -    >   >  ^^^      .^  ^  ^^^^ 

..  .i.u.l  U^  line  ^--;^-;^tc:;  piers,  w.h  S3.5  feet,  of 
Pratt  truss,  4  spans  ^  "-  «  *^.  ,^  ^J  ,,  ,,,  f,et.  The  ma- 
viaduct  approach  at  each  en.l.  '"^^  ""  j.,o,  ^,„,  fi„i,i.e,l  in 

t  thU  Vui<l"e  was  hecun  in    UecemiMi    i.v 
soiiry  of  this  bn<i„t  .       ,,  ..  .„.,i,  ,l,e  fiee/in«  weather  with  no 

March  1^.  worU  •-;;;:;■;;       ^         ^l:;,  „,^Ur  and  concrete. 

break.     NN  ater  wa.  '  -  ''      ;'    ^^^^  ^  ^,,,  ,,,,,od  f..r  heating  th« 
Sand  and   gravel  aUo  were  heate  1  ^^  ^  ^^  ^^ 

,.,,..  was  ^'y."^7^;;   -;^;^tt.t;  t:::^l  slightly  elcvaced 
long,  placing  il  ....    t"    ^.'"'Wn  the  lower  end.    U  was  then  buried 
and  building  a  .be  ot  ...W.^a        he        ^  ■  ^^^^_^  ^^^  ^^^  ,^^.^^^^^^    ^^^,,^, 
as  con.pletely  as  possible  w.tl   ti  .  ^^^^  ^^^^^  ^^.^^^^ 

U,s  pile  of  hot  gravel  or^  d    -  ^  »^  '^^^^^  ^^„        ,,.,  ,„,,,,,,. 

No  «alt  was  used  in  any  of  this  .norU.  ^^^^^^^  _^^^^^^  ^^ 

«onry  has  be.n  built  ^^.^^^^    ^^^^  ,^^^.^  l^^„ 

^^--\''-^'^:;;:  ;     Uy    f  Cendale  (A  Natural  Cement)  was 

'^'Tlfthe  t:;  ;  .r     "Lrucion  10  year.  ago.  but  good  Huality 
used  at  the  bt„in.un„  ^^  .^^^  .^  ^^^^^.^  economical 
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ill 'ir  l<».i(|  shortly    ftft<>i-  I'liiiiplRtion,     ikkI  for     winter   work.     Thin 
IjDwevcr  is  a  digression. 

Till  South  ahutinonl  a-  pier  1  in  AroustDok  IJriilj^e  are  of  yran 
III'  liiasdiiry  wholly,  as  they  art'  on  dry  fuuiidfitious.  Piers  2  it  ',i 
liavf  concrete  h.tstis  under  water  The  hottoiu  ut'  the  river  was  found 
;,'<)'((]  and  of  sutKcionl  solidity  for  the  support  of  the  piers.  The  only 
precaution  adopted  having  heen  to  lenf{then  and  widen  the  bottom  of 
tlif  foundation  no  as  to  yive  suHicient  surface  for  one  scjuare  foot  to 
•  •vi-ry  two  tons  or  so  of  load.  The  material  under  the  S,  abutment  i.s  a 
layer  of  gravel  about  4  ft.  thick.  Under  pier  I  is  a  very  hard  and 
heavy  elay,  in  the  bid  of  tiie  river  a  liard  pan  of  j{ravel  with  clay. 

It  may  be  worth  while  to  describe  a  tool  which  was  used  for 
iriving  the  steel  bars  used  in  testing  the  river  bottom  to  ascertain 
its  consistency,  as  it  was  both  simple  and  effective.  In  the  first 
[.lace  a  pointed  steel  liar  was  started  in  the  usual  way  and  driven  to 
I  he  level  of  water  by  a  heavy  sledge,  when  the  driver  was  put  into 
us.'  It)  follow  it  below  water.  This  was  foiined  of  a  piece  of  piping 
ibout  IS'  long  and  large  enough  to  slip  over  the  soundinjf  bar  loose 
ly.  The  bottom  on<i  was  left  open,  and  into  tiie  top  was  welded  a 
(iiece  of  bar  of  convenient  length,  serving  as  a  plug  to  chjse  the  end 
of  pipe  and  also  a  handle  by  whii  h  to  operate  it.  This  was  churned 
up  and  down  on  therod.and  by  its  weight,  but40  lbs.  thesounding  rod 
was  driven  readily.  It  should  also  be  noted  that  this  operation  was 
very  canveniently  carried  on  from  the  ice.  I  had  at  first  expected 
u^  be  obliged  to  drive  piles,  i»ut  the  consistency  of  the  material  was 
'leeraed  not  only  capable  of  carrying  tlie  load,  but  j'lso  of  destroying 
piles  in  the  attempt  to  drive  them,  which  attempt  it  was  deemed 
vould  also  have  resulted  in  disturbing  the  btJttom  under  the  pier, 
nil)  rendering  it  less  firm  than  more  so. 

Caissons  or  moulds  for  ihe  concrete  bases  were  sunk  at  their  pre- 
cise locations  as  nearly  as  possible.  These  were  built  of  6  x  8  inch 
-pruce  lumber  and  the  bottom  course  had  two  iron  tie  rods  to  pre 
\>Mit  its  spreading.  These  caissons  had  a  batter  of  2'  to  the  foot, 
and  of  course  were  open  at  bottom  and  top.  Care  was  taken  to  fit 
the  bottom  edges  to  the  bed  of  the  river,  and  in  one  cuse  where  not 
successful  in  this,  sacks  of  concrete  were  laid  on  the  bottom  just 
mtside  the  caisson  to  preve-it  the  loose  concrete  flowing  out  from 
•.vifhif,  r  have  heard  of  depositiiv:;  dry  conere'e  hi  .-^auiia  fur  nuch 
purposes,    but  while  not    thinking  it    worth  the  ticublo  decided  to 
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put  it  to  K-st.       The  .isult  ^*u.  lluit  tlu>  wal.T  n.'v.T  «..t  a  mv.it  way 
H.to  .he  nmss,  hut  a  thin  sl.-ll  a.  th.-  m,Hi,|..  ap,"MWv.l  ..,  ...t  hrt.-m 
Ih..  waUMr..ul.UH-n.-tmU.    ih.   .na^s.      Th.-    .■onc....e   was  mix.-i    hy 
)„uul  on  a  pktfonn    Ih-m.!-  ih.- ,.i.r.    ^h..veh..l   imo  U.xos  h,.l.l...«  a 
..„hir  yard. .1.11,  an.l  (he  hox  «  as  .h.n  l.-.n-l  hy.lrrn.k  ...to  place. 
The  .H.tto,,,  of  .h..  hox  was  .na,l,.  of   .wo  Lav..  hi,.«e.l  .,..   the  oppo 
site  e(l..CH.  a.,.1  Vvyi  elos.-.l  hy  a  la.rh,  .o  whi.h  a  .a«  li..e  was  .iltach 
...1       On  .he  h..x  rearhin-  ho. ton.  the  tan  line  was   pulle.l,  ieU>as,n« 
„„.la..h  an.l  the  box    hoisted   fo.-    ano.he,-  .■hM.<e.      Af.e.  the  eon- 
,,.....•  was  dun.pe.l  it  was  .on.ewhat  llalten.-d  ou.  hy  a  pole  on  wh.eh 
a  wooden  .hoe  was  naih-d  at  its  foot.      Tlie  idea  was  .o  av„.d  pune h 
inn  iM.les  ...   the  eo,.-,e,e,  hut  to  p. ess  ..  down  so,..ewl,at,  especially 
lit  the  ed^es  just  within  the  eaisson 

Pier  4  was  at  the  waters  ed:;e  and  .,o  .aisson  was  use.l  F.er  .. 
was  similar  to  pier  1  ,n  .  on^t.  u.-.io...  and  the  no.th  ahul,..en.  was 
i.id  on  a  j-ravel.  he.l.  The.e  was  a  pair  of  pedestals  hetween  the 
.butn.e...s  and  nea.est  piers  ...  eaeh  end.  The  f.u.ndat.ot.s  a  hove 
de.se.ibed  are  at  the  lop  .son.ewhat  larger  than  the  neal  wo.k  wh.eh 
superposes  them,  and  ....  .hesv.whe..  lai.l  t,.  the  ...u....i.d  he.i-ht.tt.e 
l„y  uut  of  n.aso.,.-y  was  ea.efully  ...a  lo  and  e....ecte.l  if  ..eee.s.sary. 

Owin-  to  the  erection    .-...ninx  o.i   when   the  ice  .n.;;ht  have  been 
.-xpected  to  run  out,  it  was  .le.ide.l  t..  eree.     .!..•  superstruclu.-o  on 
the  cantilever  pWtn.      Aco..din^ty  one  of  .h.     spans   was  erected  on 
land  south  of  pier  I,. he    s..u.h  abutnie...    havinj-  been    left    off  a     a 
level  about  a  foot  below  l^.tlo...  eh..r.l  of  truss.     To  ih.s  was  added 
atx,ui:50tonsof  rail,   toeounle.lml.u.te    the  ..avelkr  .v..d  working 
outfit  and  g.ve  a  little  a.ld.l.on.u  ,iah,li,y.      It  was  planned  so  thai 
the.io..he,.dof    .hefuss    .1,....  e,e.U.d    should  be  a  tew    .uche. 
higher  than  its  nor,nalpos.,i..n.      This    was  atlecled    by   placing  an 
H-o„  block  .alle.l  th..    •'  Kick.  ,       bMween  the  f.-.-t  of  ..orlh  end  pos 
of  Span  1  u,.d  south  end  post  .,f  Span  "J.     The  end  posts  are  vert«3al 
and  a  hinge  whi.h    emb,a.:es   the  ex.c.ded    ends  of  the  e..d  pins  m 
top  chord  o..  each  si.le.      This  hi.,..e  hel.l   the  lops    of  the  end  pos«. 
of  the  adjouibig  t.u-~es  together  and  ..f  course  temporarily  reverse. 
U,e  .       -ses  in  the  truss  ••hor.i^,  a:..l  cr..a.e,i  the  necessity  for  speca 
feat,      .  in  th,  .lesign.  The  ad.li.  ional  -ost  due  lo  this  was  estimated 
to  have  been  compcisat.-d  by  th.-  saving  ia  false    wo.'k  or  tr.,sthng 
f..r    the    support    of  the    struciu.-e  .lu.ing  e.-e.,'tion.     To    lower  the 
.;,her  end  .>f  truss  on  to  its  pier,  it  was  first  jacked  up  so  as  to  release 
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safety 
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HI  fawH  of  the  method  adopted  The  an-leof  skew  also  delerniiMcd 
I-  plan  of  huildin«  •  he  pier  to  the  hei-ht  of  hoitoin  of  -irder  instead 
■t  iisin;;  trestle  to  support  the  ;;irders  as  lui-ht  have  been  done  at  a 
'jiiaic  crossin;;.     The  lutal  aiii<  iiiii  of  concrete  in  this  brid)<e  isaU'O 


'  yariis  and  the  amount  of   Portland 


ceiiieiit    uv'd  4UG0  Imrn 


foundations  HIT  ;ill  on  rock,     'llie  .south  abutment  foundati.m 
H'ci  .lam  was  u!-e<l  for  the    front   part,  but   the 


tle.irlv  level 
.  in;.-  >vcre  nearly  all  almve  the  level  of   tl 
ll'  I  he  kind  km 


ic  water. 
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0  abiii  mentu 


)wn  av  f  abutments       The  north  abutment  has   th 
■nt  p.ut  in  ai.nut  i;  feet  of  water  at  ..idinary  stages.    Hut  little  dirt 


lie   leiiioved,    and  it  was  done    with  a 


coiiiinon   srraper  with 


>oui  lU  feel  h.n-  for  handles,     ft  was  drawn  by  a  line  passin^ 
siiaich  lilock  ar:d  operated  bv  a  hoisting  engine.   Two  men" 
liiindle  and  walking  on  floating  walks  on  either  side  th« 
le  scraped,  placed  the  sciiiper  and  steadied  it  while  being 
'*n  by  the   line.      A  dump  was    made  a  little    beU.w    the  down 
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Bt.e=^.7^^H;."n.iat.on,    ...-1  on  ...  thi.  the  .cnq  cr    was  o..,,.tiod 

le.l.'eaod   lln.    wa.  stopH  u.  y,^.    of    about  4A    ft.      A    the  p.e 
£ou:.dati..n  there  was  about  the    sa.ne  -lepth  ^t/'^^' ""^;'^;?7^ 
a  coffer  da,,   was   driven  around    the  site   ot  ^-"'If -"  ^^  f  "^ 
eleanin,  off  the  two  or  three  feet  of   dirt  and    .ravel  "-b.nS  the 
work.      It  was  found  however  in.possible  to  pun.p  the  coffe.  dam  out 
,...„.,  to  the  water  ..ndn,  th.ou.h  the    .ravel.y   botton.  u.ule.  U.e 
fo.>t  of  the  sheet  pU.n,.     Therefore  the  down  r.vor  end  of    h    effe 
dam  was  taken  out  and  .heM.les  se.  ured  by  guys  to  eaeh  shore  so  a 
t,    i>ermit  ren.oval    of  all    u.terior  supports,   and  the   -«-Fr    -- 
broLgiu  into    use   again,  dragging    U  fro.n    the  upper   end  o    the 
foundat.on  and  du.nping  the  contents  entirely  outs.de  the  coffe    da., 
rt  is  probable  that  if    U  had  been    foreseen  that    the  use  of  scrap  . 
would  have  l>een  uKule.  .he  cotter    dan.  would  not    have  oeen  n.ade 
as  such,  but  the  Ix.l.on,  cleaned  off,  and  a  caisson  or  nK.uld  f<H-  tj,e 
concrete  sunk  in  position  as  was  done  at  Aroostook  BrKlge.     There 
Ire  however  bu.  few    works    done    in    which    unknown    condu.ons 
do  no.  arise,  and  in  such,  experience  and  knowlege  o  expedients  .« 
verv  valuable.      In  each  foundatio,.  a  footing  course  of  concrete  was 
,ai.l,  having  a  slight   .nargin    or  offset  n.ore  for  the  sake  of  g.v„^ 
faciuv  for  precise  laying  out  of  .he  work,  than  for  ^-'^er  a^.    as 
„,e  rock   bo..o.n  -lid  nut   re,ui.-e  the  latter.     It  .s  seldo.u  that  the 
foundation,  can  be  laid  wUh  great  precision  ow.ng  .o  d.thcu htes  in 
,,Win..  coffer  dams  or    caissons  with  exac.ness    or  holJing  them  m 
..si.ion.   but  a    lit.le  n.argin  aUows   corrections  to  be  made  even  .f 
1,  a..es  not  .Mve  any  ...her  purp.>se.     Usually,  howov-er  the    -.,  .ng 
courses  are  i.r..a,ter   f..r  the  purpose  ..f  <iistnbutu,g  the  we  ght  ove, 
a  larger  area  than  .be  l>o.t..n.  ..f  the  n.-at  work  of  p-er  or  abutment, 
»>„,  T-  will  hes^'cn  i.  s.-rv..s  thr  other  purpose  also. 

In  ord.  r  to  carrv  the  track  whi.-h  usually  mus.  be  hud  long  before 

the  su.H.Ms.ruc.ur;.s  .MtC  d,  a  .em ary  .resile  was  budt.     In  fact 

,he  .-irders  were  n...  pu.  -n  uuu\  after  the  opening  .,f  .he  road  for 
business.  These  ginlers  h-:  .  r,'  '^  Ion,  and  wei.hi,^  ab..ut  2U 
""  .    ,  ■  ,         \\\    ,1,,.  wci.. ht    however 

tons    each    were  carnt.i  .m   um-.-  -u..      A.I    t...   «.i„ni 
'  .  .      ,,il.  „.,.    1,,;..,-  what  IS  called  an 

placed<ni   theextn't...    ..UN  II,.    I.,    .^.i    ...  .-  s- .  .  ,  „^ 

^  ,  I  e  .  t\„.  .:'■■..' I    .,mmk!v    n  the  liain.      ho  far  a.s 

idler,  simply  us.d  for  .lie  ^.'.-    •.       -'.».,} 

1  :..l.»   ii..  11.    i-iti'i'ieil   It   all.  oi    - 

the  weiaiu    wa.i  coIk;-' tiu;: j ,11       „ 

■   .     1         i  ,  „  1    ,.!  .,1  ,,11  (i,.   ;?  'Mi-s.  bat  .her.i  would  have 
girders  might  have  b.^'o  K.a'..-1  •■n  1.,..  .)  -  u., 
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ocurmi  complkations  hy  doinj;  tlio  latter,  which  niislit  have  made 
the  transportation  and  erection  much  more  expensive  than  by  usini,' 
three  cars  for  each.  In  all  such  work  it  is  well  to  adopt  the  greatest 
simplicity  possible,  and  allow  for  any  number  of  things  happening 
otherwise  than   they  ought. 

In  erecting  the  girders  two  gallows  frames  were  used.  They  were 
placed  one  near  each  end  of  the  span  and  supported  on  one  of  the 
raps  of  trestle  arranged  f.,r  tlie  purpose.  These  frames  wh  -n  raised 
into  position  wer.^  guyed  so  as  to  maintain  an  upright  position.  A 
-■I  of  doubi.)  blocks  was  hung  at  each  end  of  the  cap  of  each  frame. 
1  sets  in  all.  The  train  with  the  girder  was  brought  into  positic  n 
under  the  gallows  frames,  and  a  grapple  caught  on  at  the  upper 
il.inge  of  the  girder  at  each  end.  Then  all  4  sets  of  blocks  were 
Mt  to  work  to  raise  the  girder  from  the  cars,  Wh.-n  this  was  done 
ihf  train  was  drawn  clear  off  the  bridge,  and  the  girder  was  lowered 
into    place.       Being  held  by    4   blocks  it  was  possible    by  lowering 

t  isier   on  one    side  than  the  other  to   carry  the   girier  over  to  the 
ide  to  which  it  belonged      Then  the  girder  of  the  span  vias  placed 

in  the  same  manner,  and  the  lateral  bracing  and  the  frames  placed, 
uid  temporally  .secured   by  erection  bolts  so  calle(J.     These  were  in 

"\m  replaced  one  by  one  with  rivets  as  a  permanent  connection  be- 
ween  the  girders   and  of    the    lateral    bracing.     These    gird"rs  are 

spaced  10'  centers,  and  the  tloor  laid  directly  on  the  top  Ganges. 
The  Hrst  crossing  of  Fish  lliver  is  below  the  outlet  of  Nadcui  or 

^f.  Froid  Uke,  the  bank  of  which  the  line  follows  f„r  about  8  miles. 
\bout  ■2\  miles  north  of  the  crossing  it  first  touches  Eagle  Lake,  the 
lores  of  which  it  follows  about  rt  miles  to  to  the  outlet,  and  thence 

'  '    Kort  Kent  the  location   is  for  a  gre;iter  patt  of  the  distance  on 
111.-  of  east  hank  of  Fish    River  ami   r.H'k  cuts  are  frequent,  curves 

^iirp  and    tangents  short.      Before    reaching    the    2nd    crossing  of 

I  i-ii  i'liver  it  cros,ses  the  Walla-jrass   by  a  through  girder  of  7.")  foot 

The  second    crossing   is     apparently    much   the    same  as  the  first 

.'readv  d-scriljed,  but  not  .(iiite  so  hiyh,  being  :!!•  feet  from  grade  to 

■    l..fiivei.     T'le  angle  <tf    slu^w  is  •).").  and  there   are  .3  spans  00' 

'  li      The  north  abutment  is  on    rock,  hut  the  south  and  the  two 

i  i'r-  are  .,n  |.ile  f,.undations.      In  thesp  the  piles    were  cut  off  some 

■lanee  above    riverbed,    and    the  eais,un   pi.iced  so  as  to  enclose 

'."tn,  and    the  concrete    deposite.1  as    described  at  the   Arw)8to»)k 


thus  the  total  heiuht  a,  .ent.v  of  .pan  i.  H.5  feet.    It  conta.ns  630 
..„lnc  yanls  of  concre,.-  .n.i  there  were  used  in  its  cor.struct.on  COH 
banel.  of  Portland  eeu.ent.   In  de«i«nin^  it  care  was  taken  to  av.nd 
co.nplicated  structure  of    n.oulds.   whi.h    would    have  cous.derably 
increased  it.  cost.    Across  the  ends  frou.  wing  to  w,n«  ath.n  curtau. 
wall  is  carrie.!    to  a  level  of  5  ft.  below  the  invert.     In  the  massiv. 
..arts  of  the  walls  espeually  l>elow  the  invert,  boulders  were  deposit^ 
;.d  with  the  concrete  so  as  to   economise  in  cement  where  bulk  and 
.vei.'ht  were  re.juired    an.l  no  tensile    stress  possible.      In  the  arch 
bJever  the  best  4"aHty  of  concrete  possible  was  used,  an.l  a  greater 
liberality  in  proportioning-  the  cement.     The  quality  of  sravel  used 
u:  th.s   wa.  excellent  and    this  largely  accounts  for  the  economy  .n 

''The'metho.1  of  depositing  cement  under  water  by  boxes  with 
,aive  bottoms  has  been  described.  This  was  not  used  entirely  m  the 
work  above  water.  Another  method  in  which  a  gravity  concrete 
,„ixer  wa8  used,  was  to  ta'.e  it  directly  from  the  .nixer  into  a  whee. 
barrow  an.i  wheel  it  to  the  desired  place  and  du.np.  Wheel  planks 
were  laid  in  a  circuit  and  as  many  barrows  used  as  could  be  supplied 
with  the  concrete  With  this  mixer  it  is  necessary  to  have  a  pUt 
form  10  or  I'J  ft.  higher  than  the  level  of  the  work.  Th.s  platfor.n 
is  large  enough   to  ,„ix  •'  batches.     A  layer  of  gravel  is  laid  on  th.s 

,■ ,v.-,.,v  ,. ut  ..[  .,u,.l  on  ihaL  and   then  the  cement. 

If  tJ.e  gravel  an.l  sand  have  previously  been  wetted,  the  m.x.ng  .s 
,„uch  facilitated.  This  mass  is  then  shoveled  fron,  the  botto.n  and 
thrown  into  the  hopper  of  the  n.ixer.  the  water  turned  o„  and  nnx 
.ngisdoneln  its  descent.  A  gate  at  the  bottom  .s  ke,  t  c.osed 
except  when  the  wheelbarrow  or  oHh-  .,:>,..  i:l  •  i.  '•"  pl'i'^"-  ^ 
man  is  stationed  at  the  lower  enrl  t'.  :•  ■' 
nhutting  ofl"  water,  and  to  op'n  'he    j>;n.    f  'i' 

I'heie  are  weii  known  iuiesi;:r    y-'^'i 

mixed,  but  m  the  use  of  gravel  .'       f 


•  he  letting  on  or 
;<■  <irhvcr   mixed  euncreie 
.  :..  .  t'...    ■iiinrodients  to   be 
;  0  il.t  (rial  foi  the  profwr 
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proportion  would  better  always  be  made  When  possible  to  select 
«ravel  it  is  best  to  use  such  as  has  the  greatest  range  of  sizes  poh 
"ible  so  that  the  interstices  between  the  largpit  pebbles  are  filled 
with  smaller  ones,  and  the  interstices  between  these  witii  a  still 
smaller  size,  and  so  on  until  sand  tills  the  last  of  them,  then  once 
iind  a  half  or  two  times  as  much  bulk  as  is  represented  by  the  mass 
'»f  little  interstices  or  pores  must  be  the  measure  for  cement  mixed 
« ith  water  It  will  be  apparent  that  thorough  mixing  is  necessary 
ini-  the  best  result  and  tlii.>  i.-.  only  coinplcted  when  also  thoroughly 
rammed. 

In  building  thick  and  heavy  walls,  large  boulders  were  frequently 
used  where  they  could  bo  properly  placed.  It  is  of  course  always 
fiecessary  that  these  be  clean,  and  it  is  also  better  that  they  Iw 
wetted  before  placing  them. 

f  n  regard  to  whether  cjncrete  should  he  very  wet  or  only  slightly 
wet  there  has  been  a  good  deal  of  discussion,  but  I  think  experience 
has  shown  that  it  would  need  U-  wetter  than  the  old  rule  would 
■illow.  My  opifiion  is  that  it  ought  to  be  wet  enough  to  flatten  out 
i'letty  well  when  deposited,  and  yet  not  so  wet  but  that  it  could  be 
appreciably  compacted  by  ramming  This  is  shown  by  the  water 
'isitig  U>  the  surface  of  concrete  after  bein;^  rammed,  which  is  an 
evidence  that  the  mass  of  voids  between  the  solid  ingredients  ha* 
been  reduced. 

I  have  as  yet  said  nothing  about  the  survey,  clearing,  grading  and 
linilding  culverts,  and  as  no  doubt  you  will  bo  somewhat  interested 
in  this  I  will  speak  a  few  minutes  on  if.  The  features  of  the  country 
practically  make  it  impossible  to  c'loose  other  than  to  follow  the 
valley  quite  closely.  The  sun  mit  between  Aroostook  and  Fish  River 
if  course  is  an  exception  bu'>  even  here  the  rule  holds  good,  fr>r  the 
V  alley  of  the  Little  Maehias  affords  the  best  route.  The  method 
idopted  after  reconiioissance  was  made  was  lo  place  ili,.-,-  p,i.  m,..s  i„ 
•lie  field.  One  from  Ashland  to  the  middle  of  Nadeau  Lake,  the 
I'.ond  from  this  jwint  to  tli>  Wallagrass  Streain,  and  the  third 
ilience  to  Fort  Kent,  The  fi.-st  party  after  reacliio^  Portage  Lake 
iiiH.le  use  of  boats  largely  for  transportation  of  .supplies,  ;i'>J  ;ilt  Ii..u4.'li 
"vering  more  than  half  the  line,  had  not  so  many  <  omplicurions  in 
riatupil  features  as  the  others.  The  Fort  Kent  e'.'  ,.,[„.,  i„;iv  ^.„ 
Hllicult.  and  even  after  a  fairlv  "<K)d  hici'inr!  w-.i-  !:•!•!  i^iur-. 
■visod  to  advantage,  and  much  excavati(»ti  savii 
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"^p^^^mel'^ThTl^a,  ty  is,  n.^ineer,  transit  nmn,  tw..  ehainmen. 
ronr  Z    levder,   ro.lman,  4  or  T,  axmon,  cook   ami  .■..uk..e.      A^sist- 
Za  K  ^nu...  ha;  ....a..,e  ..f  all  .he  n.en,  and  lays  out  th-  h.atu.n  o., 
;     p     :.c.lias.naUin«si.ie    explo.at.ons  to  ..e.e.nu.u.   whHh.-  o 
...    „„,n.ven.en.s   oan   h.    n.ulo.      Transit   n.an    tu  ahs.n.e  of  th. 
ine  .■  has  cluu...   of  tho  .u.Ul    operations  of  th.  c.-w.     Ihs  men 
r..e  tl.e  axnu.n  who  clear  ti.e  line  of  brush  or  trees  ...  woo.le-l  country. 
:     t       1  ..o  p.o,e.te.l  l.y  hnn,  hut  in  clea.  la...l  the,  .naUe  and  , Ir.ve 
1  stake.      T   e  nund.er  of  a.n.en  va.ios  from  three  to  s.x.      Ihero 
'      :;oehain...en    .ho    follow   the  l.ne    cleared   by    the  a.nu.t.  >» 
wooded  country  ..takin.  and  drivin,   their    '7"  ^^^     .     ';;; 
.,,ain.na..  carries  a  ,a..«.n,  rod  or  .la,  wuh  wh.h  he  "^'^^f^^ 
„f  each  chain  of   lUO    feet,  setting  . I    also  on   '- ^    «7'\'^>  ;''^ 
,L,,  „,.„.     The  .ear  chain.nan  holds  the  rear  e.,d  of  the  c     .    ^ 
.he  stake  last  set  u.ilH  the  next  stake  or  station  .s  s.-t.      A  .ca.  Ha, 
1    tL    s  at  the  next  huh  or  transit  ,o.nt   hel.nd  the  transtt^.n 
':2:.o  .ive  hy  a  pointed  ra.i.i...  rod  ,,el..  o.  the  -ke  in  h..h 
ba..k  si.d,t  to  the  transit  man.      T..  se.tm,  a  huh  at  the  f  >    va.d  en- 
'the  sTdit  the  transit   .nan  «ne.    to  the  head  chain.r.a.  .  hne  fo 
hu      an  rafter  this  has  heen  dr.ven  he    repeats   the    c      .-atio..   w.  h 
.Lu  care  afte.  checking  his  t.ansit  on  the    hack   s.,ht,  ni  order  to 
^,  a  fu-k  in  the  hub    The  head  of  this  tack  .s  the  point  over  winch 
;  :;W>L.  of  t-ansit  must  han.. hen  setup.     .Uier  the  transit 

e  has  heen  run  say  a  thousand  feet  or  so  ,he  level.r  and  ro,    ...a 

take  up  their    work.     The  first    thin,  do.ie  is  to  estab'is),  a  bench 

.  al     o  which  i.  ,i^en  an  arbitrary    elevation,   u.iless  there  be  an 

llblish^  1  datu.n  m  the   nei.hborhoo.l.      Ml  levels    a.-e   referred  to 

•'';;':;;;::;::;;o;;'r;iu..eswered.videdi.t.ee.,ni,.e^ 

Kn,.ine<.r.,  wh ins,  duty  was  to  stak. t  the  widths  for  c  eann. 

:,  ;.K,d.      After  clearin,    had  been    c ple.cd  the    ---^"- ^ 

.,ere  checked  and  the  suikin,  out    or  cross-section.ng    ot    the      ut 
:,:,  ,H,s.  and  the  layin.  out  of  culve..ts  was  dotie.       vich  assista. 

L  p.  -iouslv  funushcd  with  a  p.-.ile  and  pla..  of  h.s  section,  by 

,he  Chief   Kn:i..ee...his  h,.n,been   ...ade  from    the  notes  o    the 

,caUn.  e...ineer,s.     «)..  .his  was  shown  the  c'ep.h  of  cuts  an.l  fill. 

Montldy  ^neasurements  ..f  ^.o.k  done  by   the  contractor  were   ^de 
a    the    nd  of  the  n.or.th    and  recorded  i.i  the  measurement  book. 
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Kroiii   tin;.-,.?  iciMti-ls   the  di-tiiil   iii.tntlily  OfjtiriMtos  won?  iiiarlc,  and 
tlieso  furiiislied  tlii.>  basis  for  iiinntlily  juiviiieius  to  the  contractor. 

Ttiefollowiiisr  (Ipscription  of  tracklnyitif;  and  ballasting  in  general 
will  apply  to  this  case.  After  the  completion  of  grading  the  ceniie 
line  is  re-staked  for  tracklayers  rather  more  carefully  than  for  tlie 
grading,  and  after  track  has  t)een  laid,  again  for  the  ballasting  in 
which  also  precise  grades  lo  ivhich  the  top  of  rail  will  be  raised. 

Track  laying  consists  in  putting  down  first  the  ties,  usually  cedar, 
Mt\  the  grade,  lining  them  to  the  stakes  and  then  on  them  placing 
and  spiking  the  raiU.  Thc^e  are  brought  lo  the  end  of  track  on  flat 
cars,  unloaded,  a  car  at  a  time,  the  train  backed  away  and  a  small 
lorry  brought  along  side  tiie  rail  pile,  loaded  with  rails  and  pushed 
along  by  a  crew  of  men  who  also  unloaded  and  place  end  to  end  the 
■  ^ils,  one  at  a  time.  One  half  the  crew  do  this  on  each  sii]e  the  car. 
•lust  l)ehiiid  the  lorry  are  a  crew  of  men  who  put  on  the  rail  splices 
and  put  in  two  of  the  four  bolts  in  each.  These  are  followed  by  others 
with  wrenches,  the  tirst  set  screwing  up  the  two  bolts  first  put  in, 
while  others  follow  to  put  in  the  remainder  of  the  bolts  and  sere* 
tliem  up  It  is  important  to  leave  some  expansion  between  the  rail 
.lids,  unless  the  temperature  at  the  time  happens  to  l>e  extremely 
iiigh,  and  e\eii  tlici.  a  little  is  require  i  lo  allow  for  the  taking  up 
due  to  the  roughness  of  the  unballasted  grade. 

liallast  should  Ik;  the  best  possible  gravel  obtainable  for  the  pur- 
|ii.se  ,in(l  the  more  the  better,  up  to  at  least  two  feet  or  so  in  ilepth, 
lUhough  one  foot  is  u-^ual.  Its  object  is  to  furnish  a  uniform,  por 
"US  and  easily  draiiieil  bed  for  the  ties.  Any  mateiial  next  under 
I  he  ties  which  moisture  will  liquify,  as  clay  for  instance,  would  in  a 
sliort  time  become  displaced  by  washiriL'  out,  and  would  also  in  win- 
'er  expand  in  freezing  s(,  as  to  "heave"  the  track  veiy  much  out  of 
-nrface.  The  lattir  is  also  caused  by  insutlicient  ballasting,  or  the 
gradual  mixing  of  the  gravel  ballast  with  tl:e  clay  underneath  it. 

iJdIastiiig  operations  areas  fiilowj;  A  trick  is  laid  into  a  pit 
>t  i;iavel,  and  a  train  sianding  on  dii-c  ir.i  is  is  lovlol  with  "ravel 
'iiher  by  men  or  by  a  steam  shovel.  Tin-  landed  train  is  then 
liaiiled  to  the  track  re(|uifiMi;  ballasiin,;.  ,  •  uinnad.'d  by  men  or 
iiy  an  unloading  plow  standing  on  llic  (mi  i"  ,  iln-i  from  the  eiii,'ine 
uid  headed  towards  it.  A  wire  roj."  .  ,.;).'  I.. ■■  .u  nic  end  to  the 
;'i"w  and   the  other   to   tiie  engine,  tli.'  tir.iiKi-  which    are  rigged  on 


I  !k'  .sides  instead  of  on  the  end  of  cars  ari' 


ii|  so  as   to  hold  I  ho 
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train  in  plac«.  while  the  en-^ino  \m\\s  the  i.low  ,ver  ti.e  train,  diviil- 
ini{  the-jravel  and  pushing  it  ..flf  each  side  tl>.  .nr^.  The  gravel 
ns  thus  distributed  along  the  track  is  used  for  tanii>.ii^  under  the 
tie.,  which  have  been  raised  to  tail  or  ballast  grade. 

The  track  is  raised  by  ratehet  jacks  to  the  desired  height,  deter 
,„ined  by  the  lifter  using  sight  blocks  an.!  sighting  towards  a 
ttaight  edge,  set  on  the  rail  height  slake  ahead,  and  while  held  by 
tiio  .lack  the  tie  next  to  it  is  tainpi-d  solidly,  then  the  Jack  is 
niove<i  ahead  and  the  ren.ai.nng  lies  tamped  mikI  gravel  fiHed  between 
:ind  under  them.  From  .")l>  to  100  men  may  !><>  employed  in  one 
-ano  at  this  work.  There  are  also  self  dumping  or  unloading  ears 
used  for  distributing  l)allast.  and  these  are  coming  into  it>crease<l 
nse  each  year,  owin-  to  their  carrying  larger  loads  and  distributing 

more  eveiilv. 

Finally  nule  nwi    signal  posts    for  the    convenience  of    operation 

are  set  along  the  line 

As  T  meet  so  large  a  (lass  of  younn  men  preparing  for  the  practise 
of  Civil    F:ngineering,  I  am   reminded  of  the  remark   which  F   have 
frequently  heard,   viz.:   that    Engineering    is  overdone      This    does 
not    appear  to   have  much    mtlnen.-e   just  at  present,  for  there  is    a 
demand  whieh  even  exceeds  the    supply  ;  due  of  course  to  the  in-  • 
creasing    demand    for   the  building  of  railroads,   canals  and  manu 
facturing  plants.     This  may  tempt   many  young  men  into  the  .study 
of  the    profession,  buf   I  think  there    is  something  in  the  life  of  an 
engineer  tliat  appeals  strongly  to  the  taste  of  a  largp  proportion  of 
young  men.  and  this  may  learl   many  to  choose  the  profession,   re 
"^anlloss  of  a  due  considerati.m  of  the  future.      I  think  it  is  evident 
that  a  large  inctvase  in  the  number  of  practising  engineers  wi'l  re 
.,uire  tliat"  thev   adi.pl  themselves  to   a    broader    field  or   that  they 
include  a  g;cHler  number  of  specialities  among  which   to  disiribuf 

'\t  is  a  duty  of  every  man  to  contribute  somethitig  to  the  public 
40,Mi  or  enhance  the  value  of  the  property  <.f  his  community.  No 
man  is  better  titled  to  do  eiliier  of  thew  than  the  engineer,  as  his 
profession  is  almost  entirely  dev<.ied  to  the  improvement  of  proper 
ties  or  the  creation  of  them.  Therefore  he  is  an  important  member 
..f  society,  nnd  it  will  have  been  well  that  in  preparing  himself  for 

the  practise  of  the    plul.-^sir.n,  if  ru-  !i;is    ;l:^u  psr-p.Ur      MinA.  .T  ..i  .... 

with  credit  the  highest  positions  in    stK^iety.     Professional  skill  is 
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...cc...sary.  but  g,.o.)  character  is  no  U-ss  so.     The  relati....  .f  cl.arae..-, 
t..    .ab.t  ,H  that  of  effect  to  cause.      N„  useless  or  bad  hab.t  can  result 

well    nor  can  ^..kJ   habits  en.l   bally.      Wl.ile  profess! 1   .kill  an-l 

«<Kxl  character  are  indi.pen.ible  to  the  engineer,  he  should  re.ueu.ber 
that  these  are  but  the  foundation  of  his  ahiiity  to  fully  satisfy  the 
re,une,nent.s  of  soci.^y,  and  unless  he  cultivates  the  ..uali.i.s  .hid. 
enable  h.m  to  harnumize  with  his  surroundings,  he  d.H-s  not  con,e 
M.uch  nearer  to  fulHlli„«  his  ,r..e  .nission.   than  does  the  foundation 

..famans,onthepu>(>o.seof  the  elegant  st.ucture  contemplated 

hns.neers  are  usually    .esponsihle  for    the  execution  of  work   in- 
volv.n«    large  expenditures,  and    have  in  their  hands  the  interests 
of  a  large  nun.ber  of  persons    It  i.s  well  then  that  they  should  stu.lv 
-arefully  the  rules    and   principles    of  organisation,    and  that  afte^ 
hav.ng  determined   the  n.echanical  features,  they  should  con.bine  in 
a  harmomous  manner  the  various  efforts  of  those  who  are  to  co-oper- 
iie,  so  that  there  l,e  no  waste  of  n.oney  through   one  man  wo.kin.. 
.^«a.n8t  another,  or  even  duplicating  needle.ssly  another's  '^Tort     The 
Hhil.ty  to  do  this  part  of  the  work  successfully  is  I  believe  the  dis- 
..uct.ve  characteristic  of  the  most  successful  men  in  any  calling     \o 
...uht  a  knowledge  of  human  nature  i.  „.cces.sary.  and  I  behev^  also 
.s  the  fair  and  generous  rreatment  of  ones  fellow  worker.s 

There  should  also  be  in  ihu  engineer  the  ability  to  size  up  his  work 
i-I-Iysothat  he  shall  estimate  en e.aly  the  relative  importance 
•■f  different  n.atters.  It  would  tend  to  loss  if  he  should  neglect  vital 
')eces,s,t.e8  and  ..pend  n.uch  tiu.e  on  aff.irs  of  little  i.nportance  You 
-.  1  remember  the  illustration  of  Captain  Phoenix  survey  of  a  eir 
-dar  track,  viz.:  pacing  off  the  .liameter  and  n.ultiplying   by  Pi  ex 
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■es^  tn  M-ven  places  of  .lecnnals       J-nv.sion  ,s   well,  but  accuracy 

>Hter.     One  sho.dd   have  the  habu  of  being  correct  in  his  work 

Md  precse  .n  places  where  .light  errors   would  n.ultiply   by    repiii' 

■-,  and  yet  should   know  how  n.uch   in  each  case  to  .spend  in  order 

■  got  tl..|  des.red  degree  of  perfection.      It  .s  possible  sometimes  f,. 

'•uvly    balk   progress  or  to   ru.n   enterprises    by  an    unreas.mable 

■I'Mrement  tor  precision.       Because  one  cannot   atuin   perfection 

■H.    work.s    no  reason    why  I,,,  .should    not  do    the  be.st    ho  can 

he  leave  n.atters  better  than  he  found  them,   he  has  prepared  the 

.,.,  '-   "'•■^'    ^"  "'"^f  still  turiher  improvements 

he  engineer  .should   have  his  mental  vision  always  open   to  the 
•il.,  and  should  .ose  no  time  in  discarding  any  theory  or  implement 
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iiiiui  now  the  ftiilur-   of  'i 


Uiixe  steel  m.l  plan-  install...  w„n  .o1!h  wind,  were  years  belmul 
tl,o  lH.,i  i,.u.l..e.  lluvoosl  but  H.lk.,  ln,t  were  w:,rlh  le.K  than 
..othuM'  in  toHipe.i.ion  with  nu-le.n  plants.  It  n.ay  cost  a  pang  or 
tw,.  for  us  to  «ive  up  lon^  uh.rishe.i  i.leas  or  method.,  but  one  must 
keep  up  with  the  ti.nes;  always  discerninR  the  cliflference  belweeo 

means  anti  ends. 

The  en-ineer  sh.uM  in.ssess  as  eomplete  a  knowle.ise  as  possible 
of  the    natural  resources  of   the  cuntry  alwut  hin.,  for  this    i.<.  the 
fioM  he  is  t<.  develope,  his  mission  in  s,)ciety  being  to  -  inister  to  its 
needs  and  assist  in  the  cultivation  of  that  which   will    ^  of  greater 
service,  increasing  its  commercial  and  political  influe-^      by  rnvkinj? 
possiblL  the  increase  of  population  and  wealth.     It  ma;  ^  that  this 
h:is  iK-en  and  still  is  left  loo  much  for  those  who  have  no  higher 
motive  for  this  result  than  the  accumulation  of  luxury  for  themselves, 
and   these,  though  they  have  done  well,  might  have  done  better  w 
one  way  with  a  more  altruistic  motive  anrJ  in  another  if  thoy  hatJ 
had  tHjt'te.  practical  information  as  to  how  to  install  ibeir  enterprises. 
There  is,  I  ()elieve,  no  education  given  which  better  fits  a  man  to 
accomplish  -reater  things  for  the  state  in  which  ho  lives  than  that 
given  to  Kngineers.     I  think  therefore  your  outlook  should  be  broad, 
an.l    although  many    of    you    may    attach   yourselves  to    corpora- 
tions   in    the    business  of    manufacturing  or    transportation,   there 
should  l>e  a  nspc'ctable  proportion  of  you  who  will  devote  yourselves 
to  the  originating  of  in.lustries  for  the  development  o?  your  Country 
and  the  organization  of  the  natural  resources  and  forces  about  you 
into  vast  wealth  producing  systems. 

The  command  God  gave  to  man  at  the  creai  i  to  suWue  the 
earth  and  make  it  fruitful  still  challenges  man's  attention,  and  comes 
„,,.v  v.ilh  .-><-'i    u'.'at.-r  torce,  i.-(:.iii.^e  of  your   filtiii.:  for   the  "■ork, 

to  yow  than  it  does  to  others. 

Canada  has  always  furnisheda  fair  shareof  engineering  CO. .-rprises. 

and  Kxlay  offers  a  magnificient  ll.-b!  f-r  the  employment  of  your 
skill.  Allhough  the  world  is  your  fair  fi'M  vet  vour  native  country 
will  and  ought  to  have  your  b.-l  ..■rvi,-.  i,  lud  I  fuel  -^i.ro  tli.it  no 
profession  shall  outstrip  our  ow,.  in  ,■.-,,  i'-.n'iT^-  t,.  the  maivrial 
»nd  moral  improvement  of  our  .•„u-itv,  -I'l  I  i.viy  not  s.-e  it,  but 
1  think  some  of  you  will  see  th- lii.i-  v.l.ou  C.i.iadas  mtiuon.-e  in 
matters  of  world  importance  sji.iil  ■■■   ui..!-  the  strnngesl. 
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PhOFKSSOli    OK   NATIIKAL  1S(  IKNCK    IN    TUK  UNIVKIISITV  OF  N.   H. 


0(T(>11KH    ItiTH,    1!»03. 


IT  may  seem  a  little  presumptuous  for  one  who  is  certainly  not  an 
Knj,'iiitH>r  to  attempt  to  address  an  assemblage  of  those  who  are 
either  already  makin!;  or  who  intenci  to  mike  Enijineerins  their 
profession,  upon  any  topic  properly  beloii^'ing  to  the  latter.  Apart 
from  my  duties  as  a  teacher  my  labours  have  teen  maitdy  dirccterj 
ti)  the  field  of  <;eological  exploration.  Yet  a  little  reflection  wiil, 
r  think,  convince  you  that  the  two  subjects  of  geoIo<,'y  and  engineer 
ing  are  not  so  widely  separated  as  at  a  first  jjlance  they  might  be 
supposed  to  be. 

Then  both  the  geologist  and  the  engineer  have  the  suifao.i  of  this 
'errestrial  globe  as  the  theatre  of  their  operations  ;  both  have  t.. 
take  careful  account  of  the  varying  characteristics  of  that  surface  ; 
both  require,  by  means  of  in.Urumenfal  surveys,  to  fix  the  relations 
"f  different  portions  to  each  other,  and  the  heights  of  each  above 
:,'iven  datum-lines;  both  have  to  take  account  of  the  soil  mantle 
which  cover  more  or  less  deeply  the  rocky  crust  of  the  earth  ;  both 
iiave  to  pay  some  attention   to  the  rocks  as  regards    their  nature, 

■  r  r  .iMiipi^itioM  their  structural  [u-culiaritics  and  their  arrangement, 
'inally  both,  in  the  course  of  their  exploration,  have  to  find  their 
•Miy    through    trackless  wilds,  to  climb    high    mountains,   to    wade 

!  rough  swamps  and  streams,  to  endure   the  uncea.sing  attacks  of 

■  Mcr  posts,  or  after  the  day's  labours,  to  enjoy  the  blaze  of  the 
.ui]i  fire, 

Itciogni/.iiig  these    common    points  of    interest,  and   feeling  that 

Hiy  of  the  facts  which  are  constantly  pressing  themselves  upon 

'■<■■  attention  of  the  geologist,  would  if  recognized,  be  of  material  ser 

I'c  to  ihe  engineer,    1    have  concluded  to  acquiesce  in  the  urgent 

"|uest  of  the  Professor  of  Engineering  and  to  bring  before  yon  this 
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tvciiin>{  Huch  ll)'>ii^lif«  a-^  lime  (mcuiicH  to  inp  in  lliis  conntH;tii)n.  1 
will  lM'£»in  with  Momc  n  t.nncc  Ui  ilic  work  of  the  railway  engineer, 
ill  bfiiiy  one  of  tlit>  most  cunirnon  an'i  important. 

And  licn>  th»'  fust  topic  whicli  sui;;;t-t8  itself  is  that  of  a  choic 
of  ht,-nt'tnii.  No  (louht  in  theory,  when  two  poi'ilsr.re  to  J)e  conne  '  -d 
by  road  or  niiloiid.llif  proper  roiitp  would  \w  the  shortest  line  betw.  m 
tlieni,  and  it    is  said  that  in  the  construction  of  some  of  the  Russian 

railways,  ii  adc  undti   In)p'rial  co ands,  that  principle  alone,  irre 

speetive  of  uny  dithculties  whidi  niif;ht  l)e!iet  its  acconiplishnient,  has 
been  teco);ni/ed  ;  hut  not  all  railways  are  mi'itary  ones,  nor  have  all 
a  C/ar  and  his  cofTcrs  to  support  the  undertaking  ;  and  henco  such 
routes  must  W  chosen  as  will  entail  the  least  co«t,  not  only  in  con- 
struction hut  in  suhs"quent  (jperation  and  maintenance. 

And  here  we  may  notice  that  tlie  first  obstacle  to  \x  considered  is 
that  of  relative  levels  aiul  consequeni  steepness  of  gradients.      It  is 
not  for  nic  to  tell  you  wtiat  the  maximum  slope  may  he,  or  what  the 
numerical  ratio  between  the  angle  of  slope  aud  the  power  required 
to  overcome  it.      But  it  may  be  worth  while  in    pas.sing  to  note  that 
the  differences  of  level  to  be  overcome  are  very  much  less  than  the 
inequalities  of  the  earths  surface  would   lead  us   to  believe.      For 
the  very  fart  that  the  hills  and    mountain   ranges  of  the  earth  are 
theprinciple  condensers  in  the  system    of  the  earth's    water  supply 
makes  then  the  starting  point  of  the  streams  and  rivers  which  (\i  .-  ^ 
the  earth,  and  along  these  furrows  a  lower  and  more  uniform  level 
is  to  be  attained  than  can  bo  found  elsewhere.       Moreover  the  fur 
rows  upon  opposite  sides  of  mountain  langes  often  come  close  to- 
gether and  the  divide  b'tween   them,  constituting  a  Pass,  is  muoh 
lower  than  the  elevations  which  overlook  it.  Thus,  on  the  line  of  the 
C.  P.  R.  in  British  Columbia,  Mt.  Sir  Donald  in  the  Selkirks  attains 
u!i  ;"levation  of    lO.tU.lfl.    and  along  the    40lh  panillel    are  several 
summits  exceeding   10.000  ft.   but  the  Kicking  Horse  Pn.s  is  only 
.">300  ft.  Crow  Nest  Pass  nGOO  ft.,  and  the  Kootenay  Pji.sses  between 
fiOOO  and  7000  ft. 

Hence  rail way.s  are  apt,  wh-re  pos-ible,  to  follow  the  courses  of 
rivers  and  streams,  ami  their  co'ir^rs  ariulie  iircrt  results  of  gco 
logical  agencies. 

The.*!  observati(jns  find  good  iilu>.i  rati.'Hs  in  the  case  of  our  pm 
vincial  railway.s  Tio.~  li.e  N,..>^  i.i;.^.-  ^f  biiirs  is  intersected  ^v 
four  river  valleys.those  of  the  S-  .F,,.',.,,tli«!  Xorepis.the  Magagu  ■.•i^ivi.: 
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Hnd  St.  Croix,  nwl,  t'xc.  |.tiii^.  the  first,  <-,ich  in  travelljxl  liy  u  line  of 
niJl.s  ;  the  I.  C.  H  fn.in  Hi.  John  to  .Moiicton  is  mainly  conHncd  to 
th-  valley  of  tl„.  Pptitoo,|i:i(.-  ;  the  C.  P.  R.  from  W,M>cJst(K;k  lo 
K-lmunstoii  follow,  the  witi.ling,H  of  the  upper  St.  John  ;  theGilwon 
branch  ascendH  the  Kt.switk  to  descend  aKain  by  the  valley  of  Ackers 
("reek  to  Nowbui«h  ;  the  Canada  Eastern  similarly  a  -endt  the 
valleys  of  the  Nashwaak  an<l  Cro.ss  Creek  to  the  head  of  the  divide 
and  thence  descends  the  long  valley  of  the  Miramichi  to  Chatham. 
It  may  bo  worth  noticing  aNo  in  this  connection  that  where  it  is 
not  jxwsible  to  directly  follow  the  present  river-course,  the  track  in 
several  instances  follows  *hat  wa.s  undoubtedly  its  channel  in  .some 
earlier  geological  era.  Thus  the  C.  P.  K.  avoids  the  dirticulties  in- 
cidental to  the  cataract  and  «orge  at  the  Grand-Falls  by  following 
■in  old  pre-gla.  i;il  channel  now  Hlled  with  drift ;  rhe  road  to  Fort 
Fairfield  docs  the  same  thing  at  the  Aroostook  falls  ;  and  again, 
near  St.  John,  the  course  of  the  track  fnmi  Grand  Bay  to  Fairvilk, 
IS  that  of  the  main  river  in  some  remote  period  of  its  history. 

In  cimnection  with  this  subject  of  the  choice  of  routes  it  may  not 
be  without  interest  to  examine  the  map  now  before  you,  prepared 
by  Sanford  Fieming  at  the  time  when  the  selection  of  the  route  of 
the  I.  C.  H.  was  under  consideration  and  which  shows  very  .strikingly 
the  difference  in  the  nature  and  seriousness  of  the  difficulties  to  be 
encountered  in  each  of  the  proposed  alternative  linos,  their  dilficulties 
being  all  connected  with  geological  causes.  It  may  be  especially 
noticed  that  while  the  I.  C.  H.  and  Tcmiscouata  roads  follow  natural 
channels,  the  one  descending  from  the  t^uebec  Highlands  by  the 
way  of  the  Teitiscouata  river  and  the  other  by  the  Metapedia,  the 
newly  propo.sed  line  of  the  Grand  Trunk  Pacific,  if  extended  directly 
fron  Quebec  to  Moncton,  will  cross  all  •'  e  natural  features  of  the 
'oui.t.y  transversely  and  will  meet  with  corresponding  difficulties. 
I'rom  the  general  subject  of  the  c/w/W  n/ lomtion  we  may  now  pass 
•>ti  to  consider  s<,>me  of  the  directions  in  which  the  work  of '•omlrur 
"„„  is  brought  in  .ation  with  geological  facts  and  principles. 

And  first  as  to  the  formatiou  of  thr  rm>i  '■■d  This  may  occupy 
positions  which  aro  very  diverse  in  character.  If  .,iiy  niti  along  a 
'ivi^r  flat ,  it  may  skirt  hillsides  of  various  inclination  .  it  may  be  at 
'lie  toot  of  \  jrtioal  bluffs  or  overhanging  pre.ij.iccs  ;  it  may  he  tuti- 
"'■!"d  throu^li  a  so'i  '  rock  ;  it  may  i.-  supp.iric.i  ..ii  t)ri(iges  or 
viaducts.      And  each  of  these  .situations  has  somn  features  of  a  goo. 
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circumstances  in  which  the  railway  engineer  has  lo  .leal  with  ^.hJ 
,ock  This  will  Ixj  the  case  in  all  ro<k  cuttin«s,  whether  <lue  to 
the  crossing  uf  low  ri.lges.  where  the  ...ad  skirts  vhe  s.les  of  abrupt 
i.ills,  or  finally  where  tunnels  have  to  te  Iriven  through  the  latter. 
Tn  each  of  the««' cases  it  is  neueesary,  in  calculations  of  cost,  to  con 
si.lor  (1)  the  relative  Imrdne.-s  or  the  rock,  (2)  its  structure  whether 
,„a.sive  or  iHchled  or  jointed,  an.i  (.J)  if  l>ed<led,  whether  the 
stratification  »)e  horizontal  inclined  or  folded. 

\s  re-anis  /«„•</»..«, r-cks  which  an-  crystallline,  like  Kranite,  sye 
nite  or  Trap,  are  as  a  rule  much  harder  than  those  which  are  non 
erystaliine.  like  sandstones  and  lin.estones.  Congh.u.erates  also  are 
usually  hard  because  their  pebbles  are  so,  whil..  shales  are  some^ 
tin,es  so  soft  that  thev  may  easily  be  removed  w.th  the  pick.  Kock 
containing  much  hornblen.le,  an  iron-ln-aring  nnneral,  a.e  especially 
apt  to  be  very  hard  and  touj;li. 

\s  regards  .trurturr  we  Hnd  that  even  the  massive  rocks  are  in- 
tersected by  joint  planes,  and  as  the  or.ii.mry  .,uarryman  finds  them 
very  u-seful  in  guidir.g  his  operations.  sh<.wing  the  li..es  of  weakest 
coheMon.  so  the  railway  engineer  who  has  to  penetrate  roc-ks  of  this 
character  would  find  it  of  advantage  torecogni/.e  then  presence  and 
direction.      In  the  case  of  slates  the  nun.ber  of  divisional  planes  .« 
,„uch  ^'reater  and  act  in  the  same  way  as  joints,  but  the  engineer, 
like  th"  geologist,  needs  to  be  able  to  distinguish  between  such  slaty 
cleavage  ami  true  stratification,  as  otherwi.se  he  may  be  led  into  very 
serious    error    as    regar<i   the  thickness  or    continuity  of    the  beds 
through  which  he    proposes  to    pass.     In    the  care  of    r.K:ks  which 
are  stratified  it  nmy  again  -nake  a  great  deal  of  .lifference  whether 
,l,e  line  of  section  is  c.inci.icr.t  with  the  trend  or  strike  of  the  rocks. 
<„.  whether  it  Ih)  with  or  against  their  dip.      Probably  these  points 
do  not  often  enter  into    the  calculation,  of    the  engineer,  but  as  a 
non  professional    -nan    1  am    alluding    to  what,  in    the    eye    of    the 
geologist,  would  s.-em  to  l>e  important   factors. 

In  connection  with  the  subject  of  railways  come.s  in  not  n.erely 
,he  ren  :.val  of  opposing  ridges,  as  oy  cutting  or  tunneling,  but  also 
thefillingofdepressions.andin  general  the  construction  of  the  roa.l 
y^\  Not  all  mate,  iais  a.,swer  equally  well  for  such  a  purpose  ;  for 
,i,ey  have  different  degn-^  of  ..hesion.  hav.  different  critical  angles 
„f  slope,  have  dUTerent  capacities  for  supporting  the  growth  of 
vegetables    such   as    grass,    and  above    -^11  are  differently    affec-ted 
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by  frost.  The  best  material  for  deep  fillinj?8  would  of  course  Ije 
large  angular  fragment*  of  rock,  such  as  near-by  cultinxs  often 
afford  :  the  worst  would  be  the  burial  of  fallen  trees  by  gravel  or 
sand,  such  as  was  the  case  -ith  some  very  heavy  fillini^s  near  New- 
burgh  in  theeariie.  days  Oi  that  branch  of  the  C.  P.  H.  As  far  as 
frost  is  concerned,  course  granite  gravel  is  probably  next  to  cinders, 
the  best  material  to  use,  as  being  least  affected  ;  the  worst  materials 
are  those  containing  much  clay,  as  holding  wiiter  tenaciously,  Ije- 
sides  being  so  light  as  to  be  swept  away  even  by  small  streamlets. 

The  protective  agency  of  vegetation  in  connection  with  the  per- 
manency of  land  in  general  is  an  important  subject  for  the  engineer. 
A  bank  well  covered  with  grass  and  bushes  is  much  less  likely  to  be 
gullied  out  than  one  not  so  protected.  In  Queens  and  Sunbury 
counties  great  damage  was  in  former  years  determined  by  the  fact 
that  the  formation  of  waves  by  passing  steamers  caused  the  under- 
mining not  only  of  the  roads  near  the  banks  but  of  large  ijuantitics 
of  valuable  la-  ',  and  large  sums  of  money  were  expended  by  the 
goverment  in  the  driving  of  rows  of  piles  along  exposed  places.  A 
much  more  effective  remedy  ,,  the  natural  growth  of  willows,  which 
like  the  Mangroves  of  tropical  countries,  seem  specially  adapted  by 
the  number  of  their  roots  and  stems  not  ouiy  to  protect  but  to 
make  land. 

Again,  forests  on  mountain  sides  hold  llic  snow  and  check  the 
descent  of  avalanches.and  for  this  reason  are  id  .Switzerland  protected 
with  great  care. 

I  may  now  observe  that  many  of  the  facts  wliich  liave  been  referred 
to  in  connection   with  railways,  apply  also  to  ordinary  highimyi). 
riiosc  arc  sul.jc't    of  <:.>uisi'    to  much  inore    numerous  and    abrupt 
'  liangi's    oi  pr  lilo,  and  iIr    gnidients  an-    often  much    steeper:  but 
ilio  proper  location  ofn  road  i-(  a  matter  which  should  not  be  lightly 
lismissed  and  one  1ms  only  to  travel  oxtensivcly,  as  I  have,  tliohigh 
vays    anil  by  ways   of  the  Maritime    Provinces  to  see  what  a    vast 
iiioiint  of  energy  might  have  been  saved  had  these  thoroughfares 
i:  the    iirst   instance    l)een    placed    where  they    should    have  been. 
indeed  it  would  seem  that  in  laying  there  out,  in  the  early  settle 
i.eiiL  of  the  country,  the  plan  was  very  generally  followed  of  going 
.  the  top  of  each  hill,  and  thence  taking  the  shortest  possible  course 
>  the  summit  of  the  next.     The  fact  that  in  the  case  of  many  if 
.)i  most  hills,  the  distance  around  their  base  is  no  greater  tlian  over 
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I  he  ;ire  <>f  ilieir  riii  vatmi-   was  >it'liloiiJ  reeosnizi;'!  ;  while  the  sup 
jiosed  netCMsiiy  of  inakint;  the  iinids  cDnespond  exactly  to    the  base 
Hue  of  'ots,  holped  to  make  the  choice  of  location  still  worse. 

But  apart  from  the  (juestion  of  hxatimi,  in  the  case  of  highways, 
cometi  in  the  far  more  important  one  of  conxtimtioii  and  mnterialg  : 
and  here  a>,"iin  there  is  the  widest  ranyo  of  {K)S9ibility  from  the  cor 
duroy  of  the  southern  swamps,  humorously  descril)ed  by  Olivir  Wen 
dell  Holmes  as  consisting  of  •  first  log,  then  alli-^ato,-"  up  to  tiie 
compact,  sm.)oiti  an<l  durab'e  driveways  of  the  New  York  or  Boston 
suburban  parks.  Tt  w.»uld  not  Ix'*  in  place  here  to  describe  the 
methods  of  construction  employed  in  these  latter  cases,  but  a  few- 
words  as  to  the  mateiirtls  employed  may  not  be  inappropriate. 

These  materials  fall  naturally    into  two   divisions,  viz.   (1)  Those 
which,  already  more  or  less  comminuted,    are  directly  available  as 
turned  up  by  a  plough  or  road    machine,  and  (2)  those  which,  as  in 
nil  forms  of  macadamizing  require  to  Ije  broken  up  l)efore  application. 
As  the  forn)er  is  all  that  is  or    Miarily  available  it  is  that  which  gives 
character  to  our  country    roads,  which    will  Vie  rough  and  stony  or 
-oft  and  rutty  just  according  us  l(M>se  locks  or    clay  predominate  in 
the  materials  employed,  and  as  the    aitentiim   bestowed  ujwm  them 
is  much  oi  little.      In  and  about    towns  and  cities,  especially  where 
theie  is  heavy  wear,  harder  and    more  enduring  materials    are  ira 
j.eratively  retjuired.    But  hardness  is  not  the  (»uly  necessary  quality. 
There  needs  to  be    uin/ormiti/  of  hardness   and  in  addition  to  this, 
what  may  be  termed   "  binding  j)ower,"     These  differences  are   well 
il'ustrated  in  the  results  of  the  careful  trials  made  by  the  Massachu 
•ietts  Road  Connnission  on  various  kinds  of  road  metal.    Thus  granite 
is  legardeil  usually  as  .»  h'lnl  rock,  but  it   is    ptwr  material  for  mac 
adainizing,  Ix^cause  it  is  not   hor'  .geneous,    l>eing  made  up  of  three 
iliffereat  minerals,     quart/,  felspar  and  mica     of  which  the  forn>er 
l*ing  the  harder,  serves  to  (juickly  grind  down  the  latter.  8andstone 
is  composed  of  quartz  only,   but    most  sandstones   crumble  readily, 
nnd  the  resulting  material    has  littl.'  cohesi(ui.      Limestone  again  is 
homogeneous,   but  is  very    soft,   has  no  lasting  (jualites,  and  is  soon 
f.mverted  into  a  fine  dust  which  is  \(ry  ii<;i..ting      l!y  far  the  best 
material  is  the  lock  known  as  l>;«-i!t  or  diii.ace  a  tinu,  black,  finely 
crystalline  and  \ery  hoiuogeiu  ous  rock,  of   volcanic  origin,  which  in 
addition  to  a  considerable  ,!.■-[ !■•■  ot    hardut^ss    possesses  reinarkaitie 
biixiing  power,  and  thus,  lik'   uiitieial  cinders,  g.M-s  to  form  a  road 
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bed  whkli  is  at  once  firm,  compact,  smooth  and  enduring.     In   this 
Province  such  rock  is  to  Im>  fuuncl  at  many  localities,  suth  ,w  Currie's 
Mountain  in  the  vicinity  of  Frodericton,  Boiestown,  L<m«  Island  in 
iiueens,  and  in  n.,u.y  parts. ,f  Charlotte.  King's,  Victoria  and  Hesti- 
gotichecountips.      It  is  now  being  used  to    some  extent  in  St.  John, 
in  preference  to  the  limestone  and  slate    f,)r,nerly   employed,    Wing 
obtained  in  the  neighborhood  of  the  Ueformatory.   but  the  fact  that 
in  that  city  all  excavations  and  uradings  are  in  .s'olid  roc-k  which  f,»^ 
to  be  removed,  has  caused  the  cheapness  „f  these  materials  as  compar- 
ed with  others  brought   from  a  distance,    to  outweigh  all  other  con- 
siderations.     In  Fredericton  considerable  quantities  of  the  CiMiie's 
Mountain  diabace   a.e  used,  but   until    recently  mostly  as  a  son  of 
top-finish,   motives  of   econonty  still   leading  to  the  association    with 
the  latter  of  the  very  inferior  coal  measure  sandstones.   At  present.  I 
believe,  the    dispiisition  is  to    use  the    trap  rock   throughout,  but  as 
yet  the  t»est  quality  of  the  latter  has  not  In-en  obtained. 

From  railways  anil  highways  (»ne  passes  naturally  to  Cnna/s,  and 
it  is  almost  needless  to  remind  you  that  in  connecti<,n  with  the 
latter  are  .some  of  the  greatest  engineering  achievements  which  the 
world  ha.s  known,  as  witness  the  Suez  Canal  an.l  those,  not  yet 
con.pleted,  by  which  it  is  proposetJ  to  make  a  waterway  across 
the  Isthmus  connecting  North  and  South  America. 

Canals    may  be    constructed   for    a  variety    of   purposes  ;  as    fur 

navigation,    for    irrigation    or    for    purposes  of    water    supply    and 

<lratnage.      In  each  case  the  conditions  are  in  a  general   way  similar 

lo  those  referred  to    iti  connection  with   railway  construction,  and 

:^.-ological  facts  and  principles  need  equally  to  be  taken  into  consider 

ation.      The  work  is  largely  one  of  excavation,  and  the  materials  tu 

l.e    excavated    again  vary    in   nature,   arrangement  and    structural 

P'cuharifies.      Where  intended  as  an  aid  to  navigation,   they  either 

•  onnect  existing    sheets  of    water   or  are    .lesigned  to    overcome  by 

...eat.s  of    locks  difficulties  arising    from  the  presence  of  rapids.  h\h 

r  other  obstructions.     Hence  their  location  and  construction  invoKv 

t  .aref  '  anterior  consideraij....  of  all  the  facts  connected  with   the 

ainage  of   fbe  district  in    which    they  are    to  be   placed, 

■>n     .       .•  is  this  the  ca.se  whero    the  canal  or  canals  are  desi..ned 

.'T  pu.  poses  of  irrigati..n    an.l   water  supply.      Here  the  engineer 

as  to  consider  the  ond.tions  .,f  climate  and  of  rain  fall,  the  extent 

f  the  catch  basin  from  which  he  proposes  to  draw  his  supplies,  the 
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i'.  olo^'ioil  c-oiulitions  iniiiu  iital  to  llio  existence  and  pennanent-y  of 
»{)iin>,'!^,  the  possible  sources  of  mineral  and  organic  contamination, 
file  .imount  and  rapidity  of  sedimentation,  the  most  favourable  sites 
for  dams  and  dumes,  the  periodical  variations  of  pressure,  and  the 
capacity  of  the  sides  or  walls  or  conduits,  whether  of  wood,  earth  or 
stone,  to  withstand  the  pressure.  The  enormous  interests  involved 
in  this  subjtJt  and  the  varieil  conditions,  largely  of  a  geological 
nature,  which  have  to  be  taken  inio  account,  are  indicated  by  the 
effect  of  the  fjreat  dam  at  As.souan.  on  the  Nile,  only  recently  com 
plfted,  and  the  irrigation  systems,  which,  with  the  assistance  of 
the  national  government,  are  now  being  contracted  in  the  arid 
regions  of  Nevada,  Colorado,  Montana  and  Arizona. 

Out  of  a  totjil  of  ()  10,000,000  acio-i  of  lanil  lying  west  of  the  100th 
meridian  in  the  United  States  and  posse.ssed  of  a  fertile,  arable  soil, 
but  lacking  sut!','  mt  moisture  to  lie  of  .service  for  agriculture,  only 
:t.t);{l..'?Hl  acres,  or  less  than  six-tenths  of  one  per  cent,  have  as  yet 
l)een  provided  witli  a  water  supply  sutticient  to  ensure  the  mainten 
;uK-e  of  crops.     Of  co'.irse  the  supply  itself,    derived  from  the  high 
mountains  and  carrit-;i  often  for  long  distances,  is  not    adequate  for 
the  needs  of  all  the  vast  tract,  but  taking  the  whole  amount  of  water 
available  in  the  arid  region  to  \te  300,000  second  feel,  or  360,000  feet 
per  second,  and  the  average    water  duty    100  acres    to  the    second 
foot,    tl)e  total  irrigable  area  is  about    36,000,000  acres,  or   about 
ten   times  that  which  had  been  brought  under    successful  irrigation 
in  the  year  1890.     Tiie  volume   of  the  Thirteenth    Annual  Report 
of  the  United  States  Survey  now  upon  the  table,  will  illustrate  the 
extent  of  this  great  system  of  artificial  canals,  and  the  very  various 
conditions  as  regards  the  materials    traversed,  whether   solid  rocks 
or  shifting    sands,  under  which  they   have    been    constructed,    tho 
construction  of  the  flume.s,  weirs,  head  works,  regulator  gates,  reser 
voirs,  etc.,  etc. 

The  subject  of  Artesian   wells  is  tiatui ally    su-gested  in  this  con 
nection  a  and  right  under»t:"i.liir.^  nt'  tin-  eonditions  upon  which  their 
successful  (jperalion  depeiwis.   eoiiiiit  oi.'^   wliirh  am  largely  of  a  geo- 
logical nature,  is  very  essentii'l  r 
engineer.    Firsi  recognized  in  •)■' 
are  well  exemplified  in  the  vuii.-y 
and  in  view  of  the  cornpliniU..  ^o  ii\  .,ui,.iiiy  heird  .i-.  to  liio  charactei- 
of  our  drinking  w.iter,  a.s    'liiix.   I    i  .>m    ilic   river,  ii  is  a  pity  that. 
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of  a  "eil  informed 
f    V  i  tuis  in  France,   they 
l!.e  .St   ,Jo!in  ri\cr:it  Krcdcricton, 
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nioiv  serious  anrj  more  intelligent  attempts  were  not  made,  at  the 
time  of  the  ini.r<Mluetioii  of  cur  water  system,  to  obtain  from  deep 
-tubterraneous  sources  the  supply  which  no  doubt  exists  there,  and 
which  for  purity  and  freshness  could  not  have  been  excelled. 

The  sketch  now  upon  the  wall  will  make  clear  the  grounds  upon 
which  this  opinion  is  based.  It  represents  a  section  of  the  river 
valley  across  its  entire  extent.  I  have  spoken  of  Canals,  but  Jiiverg 
rir-e  natural  canals  and  there  are  a  great  many  subjects  in  connection 
with  the  latter  which  well  ries.orve  the  engineer's  attention. 

Among  these  may  be  included  the  volume  of  rivers  ;  the  periodical 
change  of  volume  with  changing  sea.sons  ;  the  varying  velocity  at 
diflferent  times  :  the  influence  of  lakes  as  tendinj;  to  determine  uni- 
formity of  flow  as  well  as  the  removal  of  sediment;  the  tendency 
of  streams  to  oscillate,  right  and  left,  like  a  pendulum,  determining 
meanders  ;  the  formation  of  bars  and  islands ;  the  silting  up  of 
harbours  at  their  mouths  ;  the  possible  improvements  of  navigation 
by  removal  of  obstructions  or  deepening  of  bed,  or  formation  of  locks. 
The  drainage  of  lakes.like  that  of  Haarlem,  in  Holland,  the  building 
and  maintenance  of  dykes,  levees  und  aboideaux  like  those  of  the 
Mississippi,  or  the  construction  of  jettees  such  as  exist  at  the  mouth 
of  the  last  named  stream  are  also  subjects  often  of  a  stupendous 
character  and  calling  for  extended  knowledge  upon  the  part  of  the 
engineei ,  not  merely  as  regards  the  use  of  materials  and  the  cost  of 
construction,  but  «s  regards  also  all  the  characteristics  of  river 
currents,  tidal  currents,  wave  action,  sedimentation,  hydrostatic 
pressure  which  so  largely  determine  the  etticiency  of  such  works  and 
their  permanency. 

I  mav  here  observe  that  the  whole    mbject  of   the  relation  of  To- 
pography to   Geology  is  an  interesting  one  and  of   much  practical 
value  to  the  engineer.     The  geologist  makes  use  of  this  relationship 
in  order  to  obtain  at  a  glance  some  idea  of  the  probable  structure  of 
H  region  which  he  is  about  to  examine  in    detail.     He  can  foretell, 
even  at  a  distance,  from  the   surface  feiUi.rcs,  the  rrlative  distribu' 
ti.m  of    hard  and  soft  -ocks  ;  he  can  disfinsuisli  ^'.anitip  hil's  from 
those  of   aqueous  or  igneous  origin  ;  he  can  inf.>r  tl„.  j^^enr  r„)  ,i„e, 
lions  in  which  rocks  run,  and  parallel   with  »-   lich  « ill  prob.il.Iy  ho 
founiJ  the  main  lines  of  fracture  and  dislofutinri      s„  fh.,  en^inenr. 
<f  he  understands  these  relations,  can  dm*  s'milir  t-  -n  ;l«M)ns,  and 
thus  looking  over  a  region   from  the    summit   -f  soma  o'nin.Mice,   be 
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svble  to  draw    \ery  valuable   loiiclusioiis  as  to  tin-  dittiuuhies  to  bo 
met  witb  in  tiavfrsiii);  it,  and  in  tlie  choice  of  iiKaiion. 

In  nnir)ing  especially  i''  tbis  relation  of  toposrapby  to  structure  all 
important ;  and  one  of  tbe  Ntan(iard  works  upon  tbe  huI)JpcI  of  coal 
mining,  more  particularly  i\h    exemplified  in   the  coiil-tieldn  of  Penn 
tylvania— is  TiCslie's    Coal   audits    Topography,   in     wiiich  the  con- 
n»'ciion  referred  'o  is  very  fully  w<irkc<l  out. 

In  these  Provi  c<'s  the  broad  rounded  hills  of  the  Nerepis  valley, 
composed  of  granite  ;  the  sharp  conici«l  Peak  of  Teneritfe  on  the 
Nepisiquit,  composed  of  felsite  ;  the  vertical  bluffs  of  trap  on  the 
Hoyal  Koa(}  near  Fredericton  or  alonjr  -e  northern  side  of  Grand 
Manan  .  the  valley  of  the  ^*v  John,  broad  and  open,  with  numerous 
island:^,  where  it  traverses  the  central  coil-field  of  soft  and 
horizontal  strata,  narrow  and  deep  where  it  passes  through  granite 
or  tilted  slate»  :  are  all  illustrations  of  the  relationship  to  which  1 
have  referred.  The  Palisades  uf  the  Hudson,  the  Organ  Mountains 
of  Brazil,  Table  Mountain  at  the  Cape,  the  Cathetlral  rocks  of  the 
Yosemite  valley,  the  Sugar  lx»af  near  Cainpbellton,  N.  B.,  further 
illustrate  the  same  subject. 

From  the  subject  of  the  greater  enginwr  problems  -  such  as  tlio 
construction  of  lines  of  railway,  canals,  at|ueductH,  and  systems  of 
irrigation,  we  may  now  pass  to  consider  for  a  few  ntoments  tl>e 
relat ions  of  Geology  to  Architecture. 

Ht^re  two  points  are  mainly  to  lx>  considered,  viz  (1)  strength  of 
material.s,  and  (.',*  durability. 

With  regard  Uy  the  former  numerous  experiments  have  Ijeen  made, 
relating  to  the  power  of  rocks  to  withstand  on  the  one  hand  a  crushing 
force  or  that  of  n)en>  «ei;.;lit,  and  on  the  other  a  transverse  strain 
or  sheering  stress,  and  doubtless  the  results  of  these  experiment* 
are  to  be  found  in  ordinary  engineering  manuals.  But  there  an- 
some  points  connected  with  this  subject  which  are  not  so  comtnonly 
presented.  One  oi  them  is  implied  in  what  has  been  termed  the 
"fli.vv  of  rocks  'and  has  reference  U>  the  fact  that  under  Umg  sustained 
imd  powerful  pressure,  rocks  exiiibit  a  degree  of  plasticity  in  virtue 
of  which  thiy  will  slowly  alter  their  form  and  piobably  their  con 
sistency,  and  may  even  l>e  made  to  accjuirc  in  some  degree  the 
properties  of  a  fluid.  This  fact  was  long  suspected  from  the  study 
of  arched  and  (.-orrugated  strata,  where  materials  ordinarily  brittle 
liavi)    been  brut    like  sheets  of    paper,  or    from  an    examination  tif 
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^n-rlHiii  <;»inf{li)irif»iales,  of  whiili  ihe  .TiploHeii  pebbles  liavo  ciirdeiitly 
been  ehmgau^  as  wpI;  as  iwistcd  :  but  it  was  not  until  the 


recen^ 


experiments  up'Hi  the  fubjeot  in  ihi;  physicrtl  hiboratories  at  McOiH 
bad  been  made,  that  the  fact  of   the  possibility  of  sucli  change  was 
fully  appreciated.     The  bearing  of  such  fact*  upon  the  construetio  • 
of  buildings  and  structures  generally  in  which  great  weights  havt 
be  HustaincHl  wi"  of  course  be  obvious. 

A  second  feature  of  interest  is  the  existence  in  neatly  all  rocks  of 
what  may  be  termed  "the  concretionary  structure,'  a  structure  in 
virtue  of  which  apparently  homogeneous  rocks  will,  especially  under 
the  influence  of  intense  heat,  separate  in  concentric  shells.  This 
was  well  exhibited  at  the  time  of  the  great  condagration  at  8t. 
•lohn  in  the  case  of  the  granite  blocks  forming  tho  foundation*  of 
the  old  VicUiria  school  and  which,  though  in  their  original  shape 
^fjuare  or  rectangular,  became  by  tho  actictn  of  the  fire  completely 
rounded,  so  as  to  look  like  piles  of  cannon  balls.  Similarly  at  th^ 
time  of  the  big  fire  in  Boston  it  is  stated  that  from  the  face  of  the 
groat  granite  blocks  exposed  to  the  heat,  great  rounded  sheets  peeled 
off,  much  like  the  coats  of  an  onion.  The  same  result  is  sometimes 
brought  out,  and  upon  an  enormous  scale,as  the  result  of  weathering 
as  in  the  case  of  the  Yosemite  valley  in  California,  where  such 
prominences  .IS  the  Xoith  Dome,  Half  Dome,  etc.,  owe  their  roundeil 
forms  to  similar  causes. 

This  reference  to  'weathering"  leads  me  next  to  speak  of  the 
'lurahi/ity  of  rocks,  or  rather  lo  the  fUra/f  of  rocks.  Such  decay  is 
common  to  all  rocks,  and  is  the  means  by  which  in  a  large  degree 
ihey  are  broken  up  and  converted  into  xnil.  But  the  rapidity  of 
the  process  differs  greatly  in  different  rocks,  and  has  a  marked  bear 
ing  upan  the  suitability  of  these  for  construction  or  ornamental 
pur|)08es. 

Disintegratsion  may  be  due  to  two  causes,  one  mechanical,  the 
other  chemical.  In  tho  first  place  porous  rocks  readilv  absorb 
moisture,  and  if  the  climate  be  one  subject  to  considerable  reduction 
of  temperature,  this  moistuix-  in  the  winter  season  will  freeze 
But  frozen  water  occupies  more  space  tluui  liquid  w.itpr,  and  hence 
in  freezing  expands.  It  do»?s  so  moreover  with  ul  most  irresistible  force. 
ivt  !l!«Htr.tt*d  by  rhft  h-w-ing  -^f  tracks  fhf-  .v-r  ilim-.v  i,f  fences  etc. 
,ind  where  such  effects  lake  place  between  the  grains  composin" 
»M.»sses  of  rocks  the  ivsults  are  considorabl.^      Obviously  such  racks 
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as  saii'lstonos  or  freestoiu-s  will  take  in  much  inoro  inoiHluro  than 
sraiiito,  especially  if  the  biter  be  [wlisliod,  ami  «>r»«  has  only  t'» 
compare  in  an  ordinary  jjrave  yard  the  tomb-stones  composes!  of 
these  two  materials  and  also  those  (»f  marble,  to  s<,e  how  markeil 
are  the  differences  In-tween  them.  In  the  ta-e  of  limestone  or 
or  marble  there  is  the  ad<litional  fact  that  the  material  composing 
it  is  to  some  extent  soluble  in  water,  thus  further  vromotin«  the 
rapidity  of  its  decay.  Different  kinds  of  rocks  «eem  also  to  Imj 
ui'equally  suited  for  the  growth  of  mosses,  lichens  and  fungi,  and 
where  the^e  find  a  congenial  basis  on  which  to  grow,  the  decay  of 
the  supporting  rock  is  much  more  rapid  than  wheie  the  huiface 
remains  clean  and  uncovered. 

This  leads  me  to  the  second  of  the  two  classes  of  effects  to  which 
f  have  referred,  viz.,  the  chemical  one.  Few  rocks  are  wholly  proof 
against  chemical  change.  Pure  water,  it  is  true,  does  not  make  much 
impression  upon  them,  but  natural  waters  arc  always  carbonatefJ, 
and  carbonic  aci(]  or  carbon  dioxide  is  a  very  effective  agent  in 
l)ringing  about  new  chemical  combinations.  It  dissolves  carbonate 
of  lim3  directly  as  in  the  case  of  limestones  and  marbles  referred  to 
a  few  moments  ago ;  while  in  the  case  of  rocks  containing  felspar, 
su  :h  as  granite,  syenite  or  porphyry,  it  attacks  the  alkali  of  the 
latter,  and  thus  determines  a  rajiid  disintegration.  This  is  the  main 
cause  of  the  different  in  col'-r  and  hardness  between  the  inner  and 
outer  portions  of  nK-ks  of  this  nature,  or  incase  of  granite  between 
what  is  termed    rotten  rock    and  that    freshly    removed  from  the 

quarry.  , 

A  person  may  wholly  mistake  the  nature  of  a  rock  as  t':>  hardness 

:w\  i!ie  (•  MIS' i|u.iit  cost  of  removal  from  regarding  the  outer  surface 
.is  repre.^enlative  of  the  interior.  Hooks  sometimes  weather  in  for 
liidf  an  inch  or  more  while  the  -..athered  portion  may  h"  <iiiito  soft, 
the  interior  remaining  such  as  to  ring  under  the  hammer,  e.  g 
Chamcook  Mountain. 

r.ut  even  tho'  the  rock  as  a  whole  may,  as  in  ihecas.  -^f  freestone, 
he  little  liable  to  attack,  it  may  conUin  scattered  tin  -jh  it,  m 
greater^  less  iiuantiiy.  materials  which  are  very  sus.  r-ptible  to 
chemical  change.  The  most  important  of  these  is  pyrite  or  iron 
pyrites,  a  compound  of  iron  and  sulphur,  of  a  yellow  t  ■'  ar.  and 
sometimes  known  as  mundic,  sometimes  as  fools' gold.  There  arc  few 
rocks  entirely  free  from  pyrit«8,»nd  as  seen  in  freshly  quarried  rocks. 
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wl.ere  it  is  found  in  scattered  crystal,  or  sindl  nodules,  it  does  „ui 
seem  as  though  its  presence  *as  a  matter  of  any  conse:,u.i.(e,  liut 
lot  a  block  or  pillar  containing  one  of  these  ncHJules  Iks  exposed  to 
the  air  and  we  soon  liecome  aware  of  its  injurious  effects.  First  there 
is  seen  a  brown  rusty-lookinR  spot,  which  gradually  enlarges.  The.. 
a  long  tongue,  similarly  discolored,  is  seen  running  .iown  the  face  of 
the  building,  it  may  be  for  several  feet  or  yards  ;  while  at  the  same 
ttme  at  the  starting  point  of  the  process  not  only  does  the  colour 
deepen,  but  the  rock  begins  to  crumble,  and  soon  a  hole  appears 
which  in  time  may  attain  the  .Jimensions  of  several  inches  Hu.h 
changes  tend  ereatly  to  the  disfigurement  of  the  rock  or  e.iifice  in 
which  they  take  place.  Very  gocxl  examples  are  to  be  seei.  in  tl  e 
sandstone  pillars  of  the  I'niversity  Huilding.  especially  at  its 
northern  end  ;  and  again  in  the  Cathedral.  In  the  ca.se  of  the  Post 
Office  building  it  was  found  necessary  to  remove  an  entire  block  of 
stone  from  near  the  entrance  owing  to  the  unsightly  appearance  thus 
determined. 

The  subject  of  SimWinj  E.i-ineering  as  related  to  (Jeolo^y  is  one 
deserving  a  brief  notice.  " 

The  Health  of   communities,  large    or  small,  is    -.ften  oue  of  vital 
importance,  and   requiring  the  expenditure  of  large  su.ns  of  money 
It  involves  the  question  of    water  supply,   both  as  to   quantity  and 
quality;  the  calculation  of  drainage  ar..,^  their  relation  to  rainfall 
the   .onstruction  of    tanks  and    reservoirs,  with    the    capacity  and 
streugth  of  the  latter  ;  the  relative  purity  of  natural  waters,  whether 
derive.1  from  surface  wells,  springs,  (soft  or  hanl),  lakes  (as  bordere  I 
by  or  f.ee  from  the  effects  of  peat-logs  .  or  from  rivers  as  influenced 
by  the  pre,v.^nce  of  forests,  -ettlemonts  or  towns  along  their  banks 
with  possible  contamination   from  cultivated  fields,   sewa-e  systoniK' 
and  waste  products  of  gas,  acetylene,   dye-stuff  or  other  fiictories 
't  involves   alEoa   considoraii-m    of  the  nature    of  strata,    whether 
horixontal  or  inclined,  as  det.rnmang  the  flow  of  underground  water, 
.nd  sewage,  and  the  part  playm)  i,y  different  soils  as  natural  filters 
•rdinary  sand  being  far  more   effe.  tive  than    any    artificial    exped- 
-nt      Thess  are  but    a  few  of  the    m*ny  directions  in   which    the 
iM.g.neer  may  l)e  called  upon  to  promote  public  health,  and  which  de- 
pvnt]^  for  more  successfui  issue  upon  a  knowle«ige  of  geological  facts 
I  n.,w  propose  to  saya  few  words  upon  a  subject  widely  different  from 
those  which  I  have  been  considering,  and  yet  one  where,  even  more 
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th  III  ill  ntiv  .if  ili»>  iii-ttanoei)  jireviously  allu(ied  lo,  the  Oeoloijist  and 
the  Engineer  incft  on  coinnion  grounij.  I  refer  to  the  subject  of 
Miiiiiij.'.  II  liinncli  (>f  *tucli  importance  llial  many  engineerM  devute 
tlifinselvcn  to  it  nione. 

It  will  Ix*  rt'iidily  under.tto<xl  that  all  that  I  have  before  -taii  with 
referonot^  to  rook  n-inovul  appli»'><  horo.  Shafting;  and  tunnelini(  are 
the  main  pioces8«'s  l)y  which  the  treasures  of  the  earth  are  reache<l 
and  brought  to  the  surfa<'P,  and  the  same  att^rition  has  to  be  paid, 
wiK-ic  ilu'se  are  (Jesijjned  for  n)ining  purpases,  to  the  varying  nature, 
structure  and  position  of  nn-kH,  .w  where  the  excavations  are  for 
pur|xjse>(  of  ttansit.  But  there  are  ninny  points  in  connection  with 
the  su«.i'e?(Nful  operiitioni  of  mines  which  are  of  little  consequence 
lu  (iniinury  railway  or  highway  work.  For  the  object  to  be  attained 
is  difTeront.  In  railway  cut'.ings  and  tunndit  the  object  is  to  get  a 
suitable  passage  l»y  the  direct  route  ;  in  mining;  the  object  is*  to  find 
useful  niinerais  and  to  remove  them  at  the  least  jHissible  cost.  And, 
l>eforo  attempting  tids  at  all,  certain  gwilogical  tacts  need  to  b«» 
cirefidiy  considered. 

Kor  iiistatice  the  material  sought  may  be  coal  or  iron  or  the  ores 
i«t  ilii-  rai'vr  iiiftal)',  ;ind  the  conditions  of  occurrence  of  these  are  by 
no  moans  the  same.  Coal  is  found  in  beds,  iron  ores  both  in  beds 
and  vewn  ;  must  other  ores  in  veins  only.  But  beds  and  veins  are 
very  difftMent  things,  different  not  ordy  in  ilieir  origin,  but  in  their 
niotlf  of  incurrence  tnd  in  the  tuethocis  of  their  treatment.  Beds 
HIP,  a.s  the  name  implies,  strata,  the  results  of  sedimentation,  and 
liierpfori'  lie  parallel  to  and  have  shared  in  all  the  movements  by 
vhich  the  assixiate*!  strata  have  been  affected.  They  have  regular 
loursc'i  and  regular  dips  (»r  inclinations,  and  from  the  study  of 
these  it  is  easy  to  form  an  estimate  of  their  extent,  their  positioii 
below  the  surface  at  any  one  }K*int,  the  prtxluctive  capacity  of  the 
basins  of  which  they  form  «  part.  Veins  on  the  other  hand  are 
rarely  the  result  of  mere  so<liin<'ntution.  They  are  the  fillings  of 
Hssures,  and  these  like  othei  "-ick^  follow  no  well  defined  law. 
iX'cassionnlly,  as  m  what  ucf  known  ;is  bedded  leads,  common  in 
the  gold  districts  of  Nova  H,^i,:\,.,  iriey  may  lie  like  sheets,  >>etween 
enclosing  strata,  following  them  for  considerable  distances  ;  but  far 
more  couiruoniy  they  we  whiii  aro  known  a-> "fi-s-sure  veins,"  thn  filling, 
that  is  to  say,  of  irregular  crevices  or  cracks  which  intersect  the 
beds,  and      '>  >w    little  or  no  relation  to  the    character    or    position 
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»t  the  l.ltei-.  Hence  in  the  c.s^  of  a  k-d  of  ,■  «|  or  a  M  of  he.natii,. 
the  thickness  which  it  prt-sf-ntH  at  imy  one  point  is  likelv  to  he  r.- 
t«u.ed  for  a  oi.M.Jerable  dintanre  both  aIon«  thr  iurface  ar..l  i„ 
depth  ;  and  the  produ.tive  cap.M:ity  .,*  «  cmI  area  ,nay  be  .'.timatt.J 
with  (.rear  accurac-y  .  veinn  on  tho  other  han.l  ,ire  subject  to  constant 
and  extreme  variation..,  making  it  inipoHsibIc  to  fortcll  how  far  thcv 
may  l»  depended  on,  and  ev,-..  where  their  thi-kness  remain,  un"- 
Hltered,  they  may  undergo  frequent  changen  as  to  their  nature  and 
mineral  cunt«nts. 

I  will   next  notice   the  necessity,  up.,n  the  part  of  the  mining  ei. 
gineer,  of  having  ^m.e  knowledge  of  the  subject  ..f  faults  oi  dislo.a 
tions.     These  are  specially  imporUnt  it.  connecti,,,,  with  coal-mines 
and  the  frequency  of  such  faults  or  jog,  i„  the  coal  rc^ks  skirting  the 
head  of  the  Bay  of    Fundy  is  indicate*!  ,n  the  well  known  name  of 
the  Joggins.     Such  dislocations  may  be  to  the  extent  of  a  few  inches 
only  or  lew,  or    they  may  amount  to  thousands  of  feet,  strata  which 
were  at  one  time  continuous  »KH:oming  thus  separated  to  a  corros- 
pondm^  distance.     In  portions  of  the  Rocky  MounUins  fault,  of 
40,000  feet  or  nearly  eight  miles,  have  \^„  observe.!,  and  much  of 
the  peculwr   topography  of   that    range   and    the   giandeur  of  im 
constituent   ^anges  has  b«en  detenninw}  by  the  great  slips  whereby 
the  crust  of  the  earth  has  been  affecte*!  in  the  efforts  of  the  latter  t/. 
accommodate  itself  to    itsslumking  interior.     In    ordinary  roeul 
mining  these  great  faults  or  cracks  are  of  interest  as  the  repository 
of  mineral  veins,  witness  th.  OomsU,ok  fxHie  in  Nevada,  from  which 
in  less  than  fifteen  years  360  millions  of  dollars  were  ..btaiocl     in 
c.«l  mining  they  are  imporUnt  for  the  reason  that  they  break  the 
continuity  of  beds  and  at  .,   -e  m.ue  it  necessary  t..  defeni,i„e  the 
amountand  nature  of  the  div  .ation.  i.  e.  whether  it  bean  up  ihr«« 
or  down-throw    and  the   di    ance  by  which  the    two  portions  of  the 
broken  bed  are  now  separated      Though  no  invariable  rue  can  be 
given  It  18  well  to  rememb-r  that  in    most  instances  the  fault  h<KJe« 
towards    the  down  throw,  in  ot  I.  r    x^.rds  the    plane  of   dislcn-.ion 
'lope-  f  owanl  the  bed  wl  id.,rel«tivel.v  to  the  other,  has  been  d.oppe<l 
A  knowleilge    of  the    materials  constituting    veins  is    important 
As  these  are  the  filling,  of  fissures,  and  the  filling  material  has  in 

in..,    ,f,iOu^:,    prcs-sure    anu  neat,  Irom  the 

bounding  r,K:ks,   there   will  naturally  be  some  relationship  between 
the  two.     Thus  where  the  rocks  are  iilicious,  such  as  sandstone,  or 
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i4<iui  u,  t'lc  ,  111  HI  must  go\i\  liistricti,  the  V(*inft  ure  of  (juail/ ;  if 
tiK-  country  i<><  k  is  liinexlDiies,  .«-<  in  many  re^ionK  of  lead  ami  zinc 
ort's,  the  veih^  me  commonly  <:<>inp<>He<l  of  calcite  or  bitrite.  Theru 
ur(>  tilsti  ileariite  liiwx  o{  asftociatinn,  as  in  thu  mae  of  ttuor,  often 
tAileclthc  'mother  of  lead"  into  which  I  cannot  now  enter  ;  but 
this  point  at  least  it  may  be  well  to  remember,  especially  in  proH 
|>ectinH  foi  i{ol''  iliat  well  iiiitierali/AHl  veinM  or  lodes,  i.  «.  those 
titiryiri<;  an  abuodam-e  of  melnilic  sulphides,  sucli  an  pyriteM,  mis 
picket,  ^alenite,  etc  ,  are  much  more  likely  to  cany  also  the  precial 
metal  than  thone  which  are  composed  of  (|uartz  only.  Perhaps  I 
should  add  that  all  is  not  ^old  tli»t  glitters;  but  it  is  equally  im 
portant  to  reniemlier  that  very  high  value  may  be  contained  in 
in  materials  which  show  no  outward  indication  of  it.  Thus 
the  ixhall  and  nickel  ores  (»f  Saxony  were  as  first  regarded  and 
ffjectod  a.s  worthless,  their  names  having  reforeace  to  the  idea, 
ent«it(iined  by  the  superstitious  miners,  that  they  had  been  the 
spoil  (if  th«  spirits  of  the  mines  Similarly  in  western  Ausiialia 
large  (juantitieH  of  ti  Juries  of  gold,  an  earthy  looking  compound, 
was  for  some  time  after  the  first  opening  of  the  mines  in  that  region, 
discaniwl  as  of  no  value,  though  it  is  from  this  same  despised 
material  that  ih  'irger  part  of  the  total  yield  of  ^'old  is  now  obtained. 
Uue  who  is  going  in'o  the  business  of  mining  ennineoring  cannot 
have  too  thorough  a  kiiovvledge  of  mineralogy  an  well  as  of  8tru<  uiral 
get)logy. 

The  raethrnls  of  mining  call  foi  the  highest  skill  of  the  engin«-er. 
Foi-  he  must  not  only  sink  shafts  and  run  levels,  but  lie  must  do 
this  with  constant  knowlejlge  of  the  relations  of  these  to  t'ach  other 
arifl  to  the  position  of  ore  bodies.  lie  must  construct  plans  of  all 
tjnderground  workings  and  know  exactly  the  cost  per  yard  of  their 
cxirtVrttion.  He  must  have  coiitaiitly  in  mind  the  enormous  pres 
^ures  present  in  the  cartli's  crust, and  be  piopared,  by  proper  systems 
of  timbering,  to  withstand  tlie  thrus'ts  thus  determined.  In  deserted 
galleries  of  the  old  Albert  mines,  in  New  Brunswick,  after  only  a 
single  year's  disus*-.  1  have  seen  the  uieat  pi'.i  s  which  sustained  the 
gallery  roofs,  though  nearly  tw..  f.rt  in  diiinetpr  and  set  closely 
together,  bent  inward  likf  Ir  oms  h  '.li--  rl'^.ult  ot  the  enormous 
downward  and  lateral  pressure  vvhii 'i  w  ts  urii^Lijij;  upon  them.  Then 
the  engitKvr  must  understand  I  lie  printi['li's  of  ventilation,  for  men 
•aniiot  work  in  vitiated  air,  and  the  accuniulalion  of  gases,  resoltinj; 
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»i"i  only  fnni)  ilw  fo>^p  „fi„„  „f  thp  niin.i»,  »h«»  humiiiK  rrf  .«ir 
l«iii|)H  aiiJ  t>i((  .((hbuNfiur,  .f  PxpIoHivoN,  but  iho«ei>rigin»tin>(  ike 
<iro(Jamp,  hy  natural  prr-iH-  in  he  iniii«  it-*"!!,  intniduce  elc.  mnt* 
of  danger  which  niUNt  I..  antiripatwJ  and  i.r..vi(Jp,l  for.  An.i  'i«n 
thcro  is  the  «vi,r  pr.>s«>nt  .lifliiultv  of  water. 

Not  in  every  mine  is  this  ho  fornndabh^  an  obstacle  as  in  the  caw  of 
the  Kr->at  Comslock  L.«le.in  Nevada.to  whioh  I  have alrealy  referred, 
from  which  by  the  cHMtriKtion  of  the  famous  Sutro  Tunnel,  an  px 
cavati.Mi  four  miles  ig  and  coning  over  two  inillionH  of  dollarn,  water 
was  discharged  at  th*  rate  of  nearly  4,000,000  gallons  per  day  ;  nor 
IS  the  subterranean  water  alwaxs  or  generally  at  no  high  a  tempera- 
ture aK  this,  viz.  from  iL'O  to  137  Fah  but  there  are  few  mines  in 
which  the  influx  of  «jilcr  i-  not  a  serious  ob«ta<;le,  and  one  with 
which  the  hi>;lit'st  capacity  of  the  engineer  has  l.  deal.  Even  after 
the  onstruction  of  the  Mutro  'I'.innol,  it  was  ne«;eMary  to  lift  water 
from  the  deeper  levels  to  the  point  of  discharge,  and  numerouA  en 
ijiLes,  capable  of  raising  in  some  instauccs  as  much  »«  800  i-allons 
per  minute,  were  emph.yed.  the  en  .rinous  sum  of  20,000  tons  of 
water  l>eing  raised  in  a  single  year  to  the  level  of  the  tunnel's  mouth. 
The  effects  of  ;h  w  underground  wPters  are  sometimes  very 
curious.  I  have  here  for  i'.tanc»>iwo  specimens  whose  external 
?orm  at  once  suggests  tht    .  •    <Uey  are  a  portion  of  tracks  or 

i.amway8,ahmg  which  heav;  lust  have  bovn  transported. 

Originally  theii  own  weight      ■.  ,  ,^n  considerable,  but  letm- 

*.sk  you  to  handle  them  an<l  ^e-      ,     '■■■.    your  estimate  is  justi^lefj. 

Nor  is  it  m  rely  the  pre»oii..<  of  wat«r  in  the  mine*  v  ■  •  -.is 
confluent  interference  with  work  which  give  troubib  o  /.? 
engineer  Such  water  is  liable  to  originate  chemical  change  either 
in  the  ore  or  in  the  countiy  r.ck  or  in  both.  This  m.i,  lea.i  in  the 
latter  case  to  the  .softening  and  en?'- .  ..ng  of  the  •  i!s.  a-.  ',  n 
felspar  decomposes  into  a  soft  clay  .  -•  it  may  result  in  the  leter 
mination  of  much  heat.  I  have  airta.;y  alluded  to  the  temperature 
of  tl,  water  in  the  Comstock  Lode,  but  what  about  the  air  resting 
■ipon  tiiis  water  and  charged  with  its  v»po-  i  !  We  all  know  how 
hai  I  it  is  to  endure  a  temperature  <,f  85"  .  '  '.\  especially  if  the 
humidity  be   high  or  the  air,  as  we  term  it,    ,  ,,  a„d    that    too 

even  when  w.  .«  making  r.f.  physics!  exevth::,.  !n:r.-in6  then  the 
condition  of  miners,  undertaking  the  very  hardest  kin.l  of  labour,  at 
H  level  1100  feet  below  the  surface  of  the  earth,  with  a  temperature 
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ranging  from  100  to  130''  F.  and  in  narrow  galleries  from  the  sides 
of  which  streamed  -vater  which  was  hot  enough  to  ncald.  No 
wonder  that  where  picks  coold  on)y  be  handled  with  gloves,  where 
rags  Noaksd  in  ice-water  had  to  be  wrapped  around  iron  drills,  where 
work  had  to  be  carried  on  in  xoccessive  relays,  sometimes  lasting  for 
only  a  few  minutes  at  a  time,  where  pools  of  water  often  lined  the 
galleries  so  hot,  that  the  human  body,  if  dropped  therein,  instantly 
became  parboiled  ;  where  tons  of  ice  had  to  be  daily  sent  down  ioto 
the  mines,  each  miner  it  is  said  consuming  i)5  lbs.  every  day  ;  where 
finally  not  less  than  40,000  cubic  feet  of  air  per  minute  had  to  be 
forced  into  the  mines  to  make  any  respiration  potsib'.;, — an  amount 
abstracting  in  connection  with  the  efiFux  of  water,  as  much  heat 
yearly  as  would  be  yielded  by  the  combustion  of  over  60,000  tons 
of  anthracite — ;  no  wonder  I  say,  when  such  facts  as  these  are 
considered,  one  finds  it  hard  to  understand  how  work  is  carried  on 
at  all,  or  how  human  beings  can  be  found  who  are  willing  to  under 
take  it.  But  high  wages  and  the  thirst  for  gold  are  sufficient  to 
override  all  other  considera'i.  is,  wnether  these  arij«e,  as  »n  the  case 
i)f  the  Comstock  I^ode,  fron.  the  atten^pi  to  obtain  treasure  from 
what  are  practically  the  furnaces  of  an  old  volcano,  or  on  the  other 
from  the  frozen  gravels  uf  a  Klondyke,  access  to  which,  during  the 
first  year  or  two  of  its  diacovc!  y,  a;{ain  necessitated  physical  dangers 
and  endurance  which  are  well  nigh  incredible. 

And  wherever  such  work  is  undt-rtsken,  and  whalover  the  trials 
and  hardships  involved,  then  the  engieer  must  go  and  take  hif>  part 
in  the  struggle.  He  must  lead  the  way  ;  he  must  see  what  the 
essential  difficulties  are  and  how  they  can  best  be  surmounted  ;  upon 
his  judgemcn',  foresight,  bravery  and  persistence  rest  the  issues  of 
success  or  failure. 

And  iM)w,  my  young  friends  of  the  Engineering  Hcliool,  I  trust 
that  in  what  I  have  been  able  to  say  to  yuu  tliis  evtiiiiig,  I  have 
also  been  able  to  contribute,  if  only  to  nome  small  drgre*-, 
towards    yuur    nttikiniiient    uf   success    in  your  chosen    profession 

From  what  I  have  said  it  will  appear  i.>at  the  life  of  the  Engiu 
cor— especially  of  the  Civil  and  Mining  Engineer —  is  by  no  means 
an  easy  one  It  is  a  life  of  hardship  and  exposure  not  unmixed 
with  danger.  Tt  is  a  liie  of  responsibility  wherein  are  required 
careful  forethougrit, accurate  knowledge  of  materials  and  conditions, 
|>ower  of  endurance,  patience,  determination.     Like  the  ge<>logii«t, 


OR.    L.    W.    RAILKY. 


75 


tho  enRwieer  is  h,„„i;ht  fac-  to  face  with  nature-not  merely  with 
.liad  nature  as  s^en  in  the  crust  of  the  earth  over  or  through  «hich 
he  has  to  lay  hi.  rails,  drive  his  tunnels,  construct  his  aqueducts  or 
-•ink  his  mining  shafts  and  galleries,  but  nature  also  in  action,  as 
'•eon  m  floods  and  cataracts,  in  land  slides  and  avalanches,  in 
tornaaoes  and  cyclones,  in  the  presence  of  natural  and  artificial  ex- 
plosives,  but  in  proportion  a->  lie  understands  nature  in  all  her 
vanous  aspects,  will  h.-  liable  to  get  the  best  results  in  any  work  he 
n.«y  un.i,.rtal>,.  .  jus,  .«  fa,  as  he  takes  heed  to  nature's  laws  will 
his  work  possess  the  essential  elements  t.f  thorough  et«ciency  and 
permanency. 

I  feel  sure,  gentlemen  of  the  Engineering  School,  that  the  course 
which  you  are  following  in  connection  with  this  University,  is  one 
which  will  ensure,  in  a  high  degree,  the  qualities  to  which  I  ha»-e 
i-eferred,     f  have  only,  in  conclusion,  to  wish  you,  one  and  all,  un 
qualified  success,  „„i  only  in    your  preparatory  studies  here,  but  in 
your   life  work. 
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HAVINC  been  a>*ke<l  by  Prof.  Uiydone  Jack  to  '/we  a  little  talk 
on  the  suhject  of  Hiiilway  Const lucliDti  I  will  begin  by  afisumiii);; 
that  tiie  location  has  l)een  nunje  uni)  \*e  arr  rt-ady  to  Ixsgin  the  actual 
Work  of  buil(iin<;  the  railway.  In  doiu;,'  thi.-*  we  wiil  lake  first  the 
ilriifLsnian's  privilege,  when  he  liuilds  in  paper,  of  iK^gintiinn  at  the 
top  and  puttinn  the  foundation  utider  afterwards  to  suit  the  super- 
struction. 

We  will  assome  thai  the  elft.ss  of  road  which  we  are  to  build  has 
already  l>een  fixed  This  determines  the  grades,  curves  and  the 
kin('  of  ifulerials  wliich  will  U"  uscii  in  its  construction,  and  must. 
f)e  pui  iti  siicti  shape  liiai  'he  contractors,  who  will  do  the  actual 
vvi.rk.  iiiay  know  |ust  what  I  hey  are  esfx-cted  to  do. 

That  IS  to  say  ■  we  must  write  a  specification  setting  forth  just 
what  is  \vaiite<l.  .Fust  hcie  is  one  of  the  most  important  parts  of 
the  whole  work  If  t he  specitication  in  clear  and  detinile,  showinj^j 
that  the  cnyineei  knows  what  he  watits  iin<i  is  not  j{i\en  to  quibbl- 
tnij,  and  is  leady  to  meet  a  contractor  fairlv,  the  penional  element 
of  the  cii^iiiK-er  will  result  in  i,'etlinjj  j{(mk1  coiitractor.s  and  the  work 
«ill  lie  ilciiii'  for  |ti-i  about  a  fair  busiiiesi  profit  alxive  the  actual 
'•ost  of  doini;  the  work  If  tlie  Hpccification  shows  that  the  engineer 
is  ;;uessin;;  atirl  is  uncertain  about  parts  of  it,  hut  is  very  insistent 
npon  some  <:in'  idea  or  ideas,  that  is,  lias  fads  or  (juibb'ew,  the  Ix'si 
Clint racior'<  will  hid  high  to  fuotect  thein.selvcs  and  the  potjr  ones, 
and  jicrhaiis  tnekv  ones,  will  bid  to  take  the  work  taking  chances  to 
iMiiie  out  riijhl  or  K<|iiirinuul  somehow. 

A  larij<'  part  of  a  constructional  engineer's  duties,  outside  of  the 
inalhematical  part,  is  to  act  as  a  refeiee  or  urbitiator  U'tween  the 
Company  or  employer  on  ilif  -tie  pnit  and  the  Contrat-tor  on  the 
uiher.  That  is  to  say  ;  true  economy  rei|uirei»  that  the  engine«>r 
shall  Iw  dcliniie,  honorable  anit  just,  and  he  sjiotild  k>tow  t^ood  work 
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fro...  poo.-  arul    whf-thor  a  contrac.or  is  hanHli,.^.    l.is  w..rk   right  ,„• 
wrc.«.  an.i  wi.e.i.e,-  |,.  en,.  .Jo   ,|„.  w..,k  for  the  sun.  offer.,l  or  not 
We  have  the  authority  of  Holy  Writ  that    "rhe  hiborer  is  worthy  of 
t-.s  hue    an.l  any  n.ai.  who  uti.l.M  take,  to  ,lo  a  thiriir  f„r  less  than  it 
.H  worth,  unless  as  a  .ieed  of   charity     and  .■ontn.   tors  .Jo  not  work 
on  a    railway  with    this  object  in  view.       is  .oin«  to  ..orne  out  even 
.so,neh,.w  an.J  son.elKMly  has  p„  ,o  make  up, he  loss.   Of  cou  rse  Roorl 
n.e..  n.ako    n.istakos  at  titnes,    an.l    suffer    loss  throu«h  misju.Jmn.^ 
.'le.uent.s  of    the  work,   throuuh  no  fault  of    the  enRineers.  but  as  I 
■ule,  .t  ,s   ju«t    as  n.ueh  of  a   n.isiake  in    the   e..«ineers  part     an.J 
H«a,nHt    the  interests  ..f    the  f'on.pany   whieh    he  represents,  to  le, 
work  too  low  as  it  is  to  err  iheother  way  an.J  let  it  u,o  hi^h 

^Vo  w.ll  n.,w  «ssu.ne  that  the    specification   has  been  writte,,  an.J 
the  work  fully  and  carefully  .Jescrilje.J. 

There  are  ,w„  ways  of  letting  a  contract,   first  by  a  lump  sum  ..r 
at  so  much  per   n.ile  for  a  number  .,f    miles-it  may  l,e  the  «radin« 
"«•  the  c.Mnplete.1  r..ad.      Second   by  certain     units  at    s.,  n.uch    per 
unit.     These  un.ts  are  usually    the  acre  .,r  s.,uare  .■.,.!    for  dearinj: 
'.r    KrubbinK.    the  cubic    yar.l    fo,     rem.,vinu   earth     .>r  r.K:k     and 
.iiH.sonryof   all   kind.-thou^h    someti.nes  masonry  is  n.easured  by 
the  cubic  foot,_the  foot  Iward  measure  or  th.-  lineal  foot  for  ti.nber 
work  and  pilinR.  or  by  the    piece  for    piles,  caps,  etc.,  iron  by  the 
poun.J  an.J    special  prices  for  special  work,  n.s  tile  .bains  by  the  rrxJ 
«.r  foot,  fence    by  the  .-.hJ.     Crushe<J  r.^,k    or  rock   to  Ik-  erushe.J  bv 
the  ton,  cubic  yard,  cord.  ..r  if  in  the  Province  of  Quebec   ,..•  near  it 
the  trom  of  three  feet  by  six  feet  by  twelve  feet  ..r  ei«ht  ,ubic  yar.J." 
To  let  by  the  secon.i  meth.sl  ,s  really  fairest  to  tho  .,.,mpany  and 
the  contractor,  as  it  p.ves  the  Company  an  o,.p.,rtnni.  v  „,  build  in 
.be  best  m.uu,er,  as  the  work  <icv..|op.  s.  w,tl,„ut  .nfh.-tin;;  imr.Jships 
on  the  contractor,  or  subj...i.nK  the  .-..mpanv  to  a  l„||  of  extni.s   as 
be  IS  paid  by  the  .pianmi.-  -hat  «.,  int..  the  worl<  ,,l  a  pre-l.^ermined 
price  ,H,r  una.    Jhis  s....,ms  simpi...  and  is:  there  shoul.i  In-  n,,  trouble 
.f  all  .,f  the  facts  ar-  ..n.lerst.MKj  l-^for,-  han.i  .uul  U.th  ..„K.n«H.r  an.J 
contractor  nte  .lesirous  of  fair  treatment,  hut  s..met.mes,  through  no 
fault  <,f    the  er,.,noer    or  tJ.e    ..ontra.  tor.  work    turns    out  .Jiff'erent 
from  what  *«.  expecte.J  sunpiv  be.ause  money  was  not  providwl  to 
sink  test  pit.  an-   no,,,,.-  kneu  w|.„,    the  subsoil   w»s--,t  was  only 
guessed  at_an.i  .ome  one  has  ,,.  ,,ay  for  the  misssruess. 

lion   Jet    .,..-  imcip-.iat.-  a  leniark  Um>   applieK  to  all   branches  of 
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14  iiv.niiy  j«i>t('sHoii  We  Imvc  r<>  deiil  with  the  laws  of  na 
lure,  wliicli  aiv  ii)flfxil)l»-  No  one  can  be  violaied  without  payiug 
''.  |Kii;iltv.  If  we  un(l«  rtakti  to  guess,  aod  gueos  wrong,  we  gel 
Dili  puniNhnient  inioiediately  upon  the  cumpletioo  of  the  act,  if 
I'fiiiiitted  1(1  foiiiplete  it,  but,  with  our  present  facilities  for  acquir 
ing  information,  ihere  is  ?io  excuse  for  guessing  in  oaosl  cases  and 
this  is  why  you  whi.are  students  here—  and  we  all  have  to  be  RtadentM 
through  our  professional  life- are  principally  engaged  in  the  study 
of  natural  laws  and  learning  how  to  measure  and  value  them  in 
term"  by  which  we  can  comprehend  them 

The  usual  and  most  <.-ommon  units  are  first — Cleaning  ;  this 
means  the  remf>v(i)  of  nil  t'orwigri  perishable  raa'-erial  from  the  right 
"f  way,  to  such  ;\  width  as  shall  have  l)een  specified  -generally  four 
rods  or  one  hundred  feet  as  has  l)een  fix«d  Ijefore  hand.  The  ma 
lerial  to  be  leinoveil  is  usually  tree'<,  standing  or  fallen,  and  bushes. 
It  1-  usual  and  best  to  remove  all  material  that  will  decay  andei  em 
baiikments,  such  as  tre*  «,  l)ushes  and  logs,  but  there  are  cases  where 
it  is  best  to  l.'a\e  some  of  the  trees  standing,  as  in  a  aide  hill  to 
keep  the  bank  from  sliding  till  it  l)ecome»  incorptirafed  with  the 
"^'■il  Itself  cuitini;  ilwm  off  well  Im-Iow  subgrade  ;  also  where  au  em- 
baiikiiient  is  subjectwl  t<»  freshets  from  streams  overflowing  their 
banks,  bushes  help  to  retain  the  embankment  until  it  becomes 
iinited  with  the  soil   beneath  it. 

This  clearing  should  lie  dotie  neatly,  material  of  any  value  saved, 
and  the  rest  piled  away  fnin  the  adjoining  forest  and  burned  with 
ran.  not  to  endanger  the  rest  of  the  forest.  One  of  the  most 
•  Ifsolate  scetios  along  a  railway  1-  tjie  forest  burnt  on  either  side 
■  aused  many  times  iiy  the  carelessness  of  the  men  who  were  clean 
ing  the  right  of  way.  The  trouble  lies  in  that  tlie  first  fire  ma\ 
"iiiy  I  .|s  the  4(iiiAifi,  vvliioii  (ui^iilils  mighi  !.•■  n>p!«c.- I  hv  u  new 
growth  in  a  comparatively  short  time  if  the  kille<l  trjes  were 
removed  but  they  are  not,  and  at  the  first  dry  spell  lH»c<m)e  fowl 
for  a  second  tire,  that,  in  a  rocky  rountiy  only  H'  to  grow  tre«'s, 
butns  up  not  only  ihcse  irci.s.  i,yi  uK.,  iIm>  vep-taMe  ir.atU-r  in  the 
soil  which  Would  havi<  noMr  -!  ,  ,  'i-i,, 
only  a  barrefi  'r  i''k  that  m  ■  •••  -or  1  ♦ 
■(ome  careless,  i-fifish,  though!  it  ^s  i'.  i.>  ,v  i  nut  take  care  of  his 
tires  when  he  wa-  ciraniig  tin  r.^'r  of  *ay  f  have  in  mind  now 
ii  tract  of    land  in    (.'hui  !i,tt,«.  1' m:.' v    that    *a-  ijuri.od    ovfii   ii»  ihiv 


t  ,  _   ,,r.,.,vtli_  and  we   have  left 
.•  \  -.r-  to   cimie,      all  because 
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..u.he.  now  whe...  then  it  wa«  cn.,.i  with  a  young  fo'ro  t  I  Ih 
would  now  be  yielding  io«.  Instead  i,  is  p,acti.lly'o„,y  a  bar.n 
early  nake :i  and  unsightly.  We  eannoe  pay  too  „,ueh  a  tent."  .i 
t'.-ppeara„ce  of  .he  .ight  of  w.y  and  it«  surrounding.  One  ha, 
'•nl>-  to  be  taken  away  f.o.n  ..ur  New  Brunswick  wj^a" 
a...„g  then,  growth  and  surroundings  ..  app^iate  theirbeau 
The   L        T'"   '**  •'■"""^  -•"•-'  '—"-lydeMrov  then,' 

re'tortbe'      "'"''P'""^-^   *"'^«"''    -"'y   -""all    co.„p«re<l  with  th. 
rest  of  tlie  continent. 

Tho  height   at  whi.  h  tree,    .hould    be  .ut  is    largely  a  matter  of 
convenience.  ....,y  un.ler  ...nks  .hey  .„u.«    ,.  eut  IJt  enou  In 

The'T  ""'     .r  r''^'"'**  ''"•^  "^^^^  ^''^  einbankment  ha,  LJ 
The  s  umps  w.l,    become    lo„«e  in  a   few  years  and  can    then  l«  re: 

::X"e  L :;■''"' "  **'  ^^^  ^^-^  ""^-^'^  ^^^^  ^'"^^o-- 

Trl     he    "     :  r'  T  "*'  ''•""  *"'»''^  '''°*  ^—  -"^  --»• 

tree*  they  should  be  removed,  but  rhey  are  generally  goo.J  timt^r 
and  uwially  the  owner  will  aHei.-d  u,  thai. 

in  ?uirr"  ^  K^"'?"  ''"*"'"'  '■"'"""  «^"^'^"'8-  Th"  '"eann  that 
with.n  a  fixed  distance  of  ea.h  other,  comn.ouly  two  feet,  that  the 
^tump.  and  root,  of  the  tree«  ,hat  grew  i.,  this  Luu.,   LtLZ 

th.H  body  of  e.rth,bound  .og.thera.  itis  with  roota.is  somuch  gn-a  er 
than  when  the  earth  to  be  re.„uve.i  ..  .J^p«,,  „,,,  ,,,  eontr.ctor  i 

v.a  ly  pa.  ,  by  ,he.,uar,.  r,.,i  or  .ere  for  rl.e  area  .noIude.=  l^tween 
the  -lope  stake-  or  any  are.  .hnt  tl.  Company  „,ay  wish  cle^red^ 
.■<KJ..s  and  stumps  as  culw  .,  fou  .lu.ons.  eu-.,  etc- 

K*«T„  This, ^r,u  covers  a  gren,  many    varie.es  of  mau-rials 

>ut  u  .,  .„  Urge  .ontracts  all  classe-i    under  the  one  head,  u n  U    .' 

.r.  when  a  l^..,me.    hard-pan      This  material    haa  to  be   ««„  a„H 
worked  u.  be  appr.  .at.1      I,  .s  a  tough  «mi  eUat.c  d^rc;: 
fH««.l  .f  su>nes  and  e*r,h  generally.  ....K>,t  cemented   t^ther  Tut 
>.t  softer  than  r-.k.      U  has  a  h.b.t  of  r.„i„g  under  ^  in„«..e. 
^-.k.ng  Handr  or  W.,.y  ..il.  so  ..on.plet.iy  concealed  as  to  be  „n.u 
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p(t>(i  iiiilos  hmy  i\(kri(in.e  liiiH  liiuKitt  one  to  i-xp«Ka  it  or  at  least 
*■'■  "iispiijiius  ,,f  IIS  pidxciiiM' :  ii  tt'st  pit  would  hiivi>  discloswl  its 
1  nsiini',  liui  tlio  jilt  WHS  nut  sunk.  This  material  has  been  tJii- 
ians«- of  nniih  liti^;atiori  la'txvecn  contrHctois  and  companies,  and 
'iiuilil  l>«'  pKisjili'i]  for,  if  Mu»p«'ct«'ii  in  the  section  or,  either  the  eon 
iiactui  «il!  pmtCLl  liinisilf  1)\  asking  a  higher  pi  ice  per  cubic  yard, 
tor  all  ,,f  til,' earth  w.iik,  or  else  lose  money  by  i>{norance  of  its 
ixi-.icn(f  ami  be  praetically  mblH-d  if  not  paid  for  it  extra,  or  may 
liaM- a  tiiti-f  of  aiiioii  ajjiinsi  the  company  wliich  will  cost  more 
than  til  have  j>-o\  ided  fur  it  in  ihn  first  place.  In  either  case  ignfM 
an- e  i-  rxpensiv(>.  !<nd,  as  a  rule,  the  Company,  which  is  sjenerally 
til,- .  Micloyer  .)f  (he  eni-ineer,  is  the  parly  which  has  to  stand  the 
loss,  a-  i-  ii:;li(. 

f.oosK  Hoi  K  In  sonic  earth  banks  there  are  rocks  so  larj^"  that 
theyc.intMt  bi>  r^'iine  I  ivitlioiit  br.-.ikin:;  or  fitting  up  a  special 
rin  for  the  puriiose,  this  interferes  with  the  routine  of  lillini;  carts 
or  other  means  of  nniiiti^'  earth,  and  it  is  usual  to  have  a  price  per 
cultic  yard  ?'i>r  all  rocks  of  this  sj/e  that  are  not  lar^e  enouf,'h  for 
^oiid  rock  aini  t<M>  iaiii,-  to  be  handled  by  a  ^f^an  of  liorses  and  a 
>ti.ne  i.ial  ..i  lia^.  without  Ijreakinjj  up  ;  this  is  usually  one  h.ilf 
eubic  yard  or  more.  'Ide  u-ual  s\steiu  of  mt;asuriu;{  these  rocks  is 
to  avera^je  tliem,  by  the  eye,  into  a  length,  breaihh  and  thickness 
that  will  priMluc^'  i  parallelapipidoni  of  o<(uivalent  cubic  contents, 
a  matter  that  becomes  easy  wiih  practice. 

S^oi.U)  ROCK  •  This  i;eiieial!y  means  iix  k  in  place  or  led^e  and  is 
"f  al!  degrees  of  hardness  ami  "ise  of  remoxal.  Vbout  as  ditficull 
(liece  of  riK'k  as  can  !«•  found  is  n  toutth  slaty  rock  with  the  lamin 
alions  nearly  veitiea!    nil  the   axis  of   the  .'ut    and  the  strike  <)f    the 

■••■'■'     o:OHliel ;\ 

F2arth  and  roi  k  of  ihcir  se\eia!  cla.-.ses  make  'ip  the  bulk  of  the 
•  mbanknicnts  and  ihcii  icmoval  makes  the  cuts  Ml  of  the  earth 
frtiii!  the  cuts  does  II, ,t  always  ;,'o  to  the  embinkmciits  nor  are  all  of 

the  einbiiikmciits  -lel.-   irom  'I nis.      The  eari  I:  atei  rock  shouM 

be  measured  in  phtc  'i.t  i.  i.ef  ,  .  i.  l.-,s  \n.,,„  disturljed  fn.-ui  its 
natural  jxisitjoi,,  as  emi!,  ii.-ml  im  .  i.  .  n  liinilled  m:iy  occupy  more 
or  less  space  than  ori;;i".ai!y,  .i,  j,.  ndii.j.;  i.|.on  liow  it  is  handled,  and, 
US  rhe  objcet  of  thcs<    iiieasiu'  iiients  is   to  pav  the  contractor  for  the 


work    which    he  lioTiesily    (!>( 


ority  fair  wa\    is  to  pay  him  for 
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III-  .•a.ll,  w!,;,  I,  |„.  ,..,„:.v,.s  tV.„.,  its  Miitural  place,  rx.-q.l  that 
there  limy  Jk- o.„i,lit,.,„.s  ii.  which  h».  may  ,.„t  he  pai.J  f.,r  w.Mm^ 
•HHler  fixwl  t.nns  of  the  .oi.trao,  hut  i.i  nrn  .use  the  adjustment 
sliould  Ih!  •iiuileoii  the  ba>iH  of  earth  in  phue. 

•Masonhv    --^  Under  this    head  comes  a    variety  of  work,  and    it 
might  almost    he    .alled    natural    and    artiflcial    stone   work.     The 
roughest  class  of  this  work  is  .jp  rap  or  rocks  thrown  in  piles,  either 
'onHned   in  a  crib  or  loosely  a-ainst  a  pier  or  embankment.     This 
is  measured  by  the  cubic  yard,  ton,  cord  of  li'H  cubic  f.H,t.  or  tn.i. 
of  216  cubic  feet  dependini;  upon  where  you  are  buying.    Generally 
•  t  has  to  Im.  mea«ure.l  in  piles,   carts,  or  boats  ;  it  requires  care  an.i 
judgment    to    be   fair    to    both    parties.       Next    comes     the    same 
class    of    material  carefully    pla.e.|.       The    thi.^kness    is    generally 
Mpec.ficd,  care  is  taken  that  it  is  as  thick  as  called  for,  and  the  area 
n.ult.phed   by  this    fixe.l  .iepth  givvs    the  contents,    usually  by  the 
cubic   yard.      ])ryUubble   comes    next    in   some  form  or  .uhor  ami 
u.sually  consists  of  quite  large  Held  stones  laid  up  by  skille(<  ma.sons 
according    ,o  the    rules    of  the    art.        If    a  culvert,   the   walUan.l 
covers  are  measured.      The  covers  are  spe<-iHe<l  a  «ix(>d  thickness  and 
to  bear  a    Hxed  distance  in  the    walls.      The  walls  are    also  of  Hxed 
dmiensions  and  caro  is   taken  that   the  work  shall  not  \m>  le«s  than 
specified  and   measurements  are  made  in   these  dimensions,  so  that 
the  length  is  the  only  variable  for  the  size  of  stru.tture  fixed  upon. 
Next    roughly  dressed    stone    laid  in    mortar,   dimensions  are    laid 
d  wn  an.l   the  work    is  ineaMired  to  these  dimensions.     There   may 
l)e  several  kinds  of  this  masonry  riepending  upon  the  kind  of  mortar 
used,  usually  measuic.J  by  the  cubic  yard  though  for  som.^  work  the 
perch  of  24  J  cubic  feet-. me  nui  long,  one  foot  high  and  one  and  one 
half  feet  wide,  is  uswi,  generally  callerl  25  cubic  feet.    Then  the  con 

•  '■■■'■".  ■''"'  •! f  .    .nv  i.,i;.i;,      !  .  .  .,];,,.,  ,,,^  .   ,1  >  ,,_.,,,-,.. 

tions  of  sand  to  cement,  the  kinrj  of  conusit  and  especially  the  pur 
Fx.se  for  which  it  is  to  1k>  use.l  This  subject  would  require  ar 
evening  by  itself  to  do  it  justice  One  thing  is  safe  ,o  rememln-r 
l.-.wever,  that  the  mortar  in  a  yiv. -•  voIuM,eof  concrete  should 
exceed  the  voids  in  the  storie  or  .,;  I,.  ,  ,„.-,.r-ri  ,1  b-  ,i  ,Mit  ten  ,«>r 
cent  After  concrete  oomes  Sc,.„.i.i(^  IS  ,M  i..„„rv.  This  is  well 
proportioned  stone  laid  in  .cmcnt  m...  tars  to  4  g,..«l  bed  an.l  bond, 
only  the  courses  are  not    necess.mK  .,t   ih      wmc  hci-bt       In  r.thci^ 
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words  thf  l.uihJer  is  not  compellt^d  to  get  hit*  stone  all  of  one 
liicknM«,  for  tho  vihoh  »tructure  but  may  vary  them  to  suit  hit 
-luarry  convenienc-o.  I^st  i-i  Ashlar;  iIuh  is  of  regular  shaped  stones 
havinj;  fixed  (linienxionx  ami  joints  of  any  dofinile  cloHones'*  from 
I  «.i  lesH  to  'l"  laid  in  ccoM-nt  mortar  and  having  the  face  either 
•|uarry  faeed  cm-  cut  to  any  degret;  of  fineness.  The  last  two  ulasses 
may  be  either  by  the  cubic  yard  or  they  may  go  into  all  the  details 
.'f  Htone  cutting.  This  als«»  would  take  (juito  a  time  to  make  a  full 
description. 

Wood:    -    f/.gs    by  the  thousand    feet    b<wrd  measure  getierally 
procured  and  in  place.     The  n.easuring  of  logs  is  one  of  the  arts  of 
trade.      It  would  be  well  U.  have  an    umicrstanding  as  to  the    scale 
to  l)e  useiJ.     One  is  to  us«>  the  inch  b-aids  that    are    in  the    square 
whicli   can    lie  inscribed    in    the  circle  at    the  top    end,    that  is  the 
Ft.  B   M.  in    stick  =  (d-'-M'x  12)xl  that  is:    length  in   feet  by  the 
Kiiuare  of  the  diameter  at  the  top  end  in  inches  divided  by  2  and  ll'. 
For  the  square  of  the  diameter  is  iwiie  the  square  of  the  side  of  the 
ins(:ril)e.l  .square;  this  divided  by  12     the  nuin»)er  of  square  inches  in  a 
board  1  ft.wide  and  1  inch  thick— gives  the  i-etpiired  ft.  b.  m.per  lineal 
f(X)t.    Another  metluKl  of  payment  is  by  the  ton  of  40  cu.  ft.    In  this 
case  the  solid  contents  of  the  log  are  taken  as  a  truncated  (;one.   The 
prisrooidal  formula  is  handy  for   this  purp«iHe  using  a  table  of   circles 
for  areas.     They  may   be  paid  for  by  the  lineal  hnit      T>.gs  aro  not; 
used  so  much  as  sawn  or  hewn  limber.     This  is  usually  measured  by 
the  ft.  b.    m.,  the  ton.  or  cubic    t'cxjt.      Sometimes  the   prices  are  for 
the  work  in  place  with  iron  bolis  included  in  the  cost  of  the  timbers, 
and  sometimes  the  iron  is  paid  for  separate.by  the  pound;  and  again 
rit  :i  pii  e  [ici  lineal  f.H)i  for  the  material  in  the  work  v,ii|,  i|  .,>  iron 
separate.      As  long  as  the  understanding  is  definite  that  is  all   that 
Lli.it  is  necessary.     This  class  of    work   is  for  the  foun.iaiion  and 
profection  woik  -wharves  etc.    bridge  timljcrh.  trestles  etc.  usually  by 
the  ft.  h.  m.     Pileii  hj  the  running  f.KU  or  by  the  piece  -   t.  e.  stick 
flic  driving  may   U-  by   the  pile  or  lineal   f«K)t  driven,  and  the  cap 
ping  by  the  pile  or  cap,  <ir  this  work  may  be  done  by  the  lineal  fool 
•if  finished  Work.  ' 

Hieel  or  iron  structures  by  the  pound  or  by  lump  sum  for  the 
completed  siructuie  Hallast  by  the  cubic  yar«l  umler  lies.  Tics 
or  sleepers  by  tli<.  |  jeie,  track  laying  by  the  mile,  siding  measured 
from  head  block   to  head  block. 
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H,.,Ih  hy  .1,,.  4,,.s.  ,„:.  „f  -.Ji,,  )!„  ,„„^|,y  ■r,,^  ,.u.„lH.rot'  -ros. 
toMM  per  n„l..  i.  ,..,uhI  lo  .(„,  wei«»u  ..f  a  vnr.l  „f  rail  by  clev.n  and 
.IivkJcJ  by  s«v..„,  timt  IV  t„  sHv  there  are  Hf«  t..n«  .,f  56  lb',  per  yar.l 
.ailH  in  a  milo.  Fishplates  and  splicer..  Ik.Iis,  spikes  and  t.e  plate, 
by  the  pound  or  100  lb«.  .„•  cwt.  Switch.^  and  filings  by  the  set 
frt^s  the  same  I'nenun.orau-.i  w„rk-  at  cost  with  a  per  centav,^ 
added.  " 

We  i!ow   have  a  l«sis  „f    payim-nt  upon   which  a  contract  can   be 
..mde  an.l  nsually  ,,.,..1. .  s    .,••  .•,.!!  ,1  for  an.l  ..  copv  of  the  specifica- 
t.ons.    plans  and    profiles  are  placed  s«    that  intcding  bidders  can 
inspect  them.   They  are  generally  explains!  bv  the  engineer  if  needed 
•  hough  It  IS  important  that  only  know,,  facts    are  su»e<l  as,  in   the 
general  l^sal  idea,    that   iI.h    prio.ipal  is  responsible  for  the  acts  of 
his  agent.  aii>    mis-statement  by  the  engineer  may  result  in  a  legal 
penalty  by  the    C.mpany  which    he  represents.      It  is  generally  re- 
-luired    of  the    intending  contractor    that  he  shall   make  a  ca.sh  or 
equivalent  deposit  with  his  tender  aa  an  evidence  of  good  faitl.  and 
ability  to  do  what  he  agrees  lo,   though  thin  is  not  always  done       If 
rhe  tenders  are  for  a  lump  sum.  the  dwision  of  award  of  contract  is 
;,'enerally  made  by  the  Company  itself,  the  engineer  having  previous 
iy  given  his  estimate.      If  by    rho  unit  as  previously  described    the 
engineer  has  an  approximate  estimate  of  the  .juantities  of  eaeb'kind 
of  work,  which  he  expects  to  have   done  and  to  these  quantities  he 
applies  the  pnce  per  unit,  as  tendered,  the  sum  of  which  quantities, 
expressed  lii    money  is  the  measure   of  the    relative     value  of  the 
several  tenders 

Here  is  where  one  not  acquainted  with  the  work  may  be  misled  by 

the  unit  prices.     Where  there   aie  a  number  of  .iifferent  items  on^ 

contractor  m»v,  for  some  roa.son  or  another  be  better  fitted  to  do  one 

kind  of  work  than  another  and  he  know.,    just  what  he  can  do  and 

alioul   »hat  It  *ill  pay  in  the  form  of   net  prolii.  ,,er   eniage     'xhis 

.nay    i>e  quite  .i  large    part   of  the    work  ,n   monev  value  _  while 

ano-cier  part  may  lie  comparatively  smftll  ir.  -noney  value  and  he  not 

h^       familiar  w.th  it   if    he  is  sure  of  hi.  p.olit  in  the  whole  j..b  he 

may  fix  his  price   on  some  items  to  Ik-  sun-  ..f    ti„s  profit,  an.J  mav 

tender  give-away  prices  i:.  some  of    the  oti.-r    work    „  ',  ■   ,;       „,',^ 

care,  or  think  advisable,  to  do  cerUin  work  tl.  u  i,  is  (,..,„  ralW)  f^r 

and  put  .«  such  high  prices  timt  it  will  Im.u  .,  1-^1  ,^  „,„  t,  a.  possi' 

hie.     Thus  I  have  seen  tender,  in  which  the  prj.,.  p.,.  cu\uv  yard  of 
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iin'k  «ii>  bi'l    it  line  (X'lil  pt-ri  iiliic  vnul  when  il  was  sk  situute<l  iliiil 

II  nil -till  cD^i  liiin  lit  Iciitt  I'.'  iniifsii  iiiuch  if  11  .1  -leveral  liiin-s 
<<\ti  vfl  lii-<  tPlii!  r  was  il  uo.mI  line  when  liikeii  as  a  'hIj'  ( »f 
<  iiiM'  this  is  ail  fxiK-rii'-  case  aii'i  (nolirtlily  la-  liaii  leasuu  i,.  know 
till-  <|uiuiiity  wulil  Im-  \.  i\  -111  II  ut  it  siin«-  that  hjiN  as  pul»lisli 
i'>|  HI.-  very  uiisaff  guiiits,  iiiiIi-sh  .mm-  is  faiiiihar  with  all  of  ihi-  cir 
fui>i>laiai's  I  am  aN"  familial  wiiii  ttiioihi-r  rase  in  which  t}if 
t-nKincc'i  had  s|H'<itic.|  i  very  i  '  .-,  .  jut'cf  nf  w.uk  when  a  inut'i 
siiii|ih'i   kiini  vk.iulij  ha\f  (l(>n<-    fiisi    i,  wi-il  anil  JH'ttcr       The  K-iuler 

III  tliiH  itfiii  V  is  mini,  r,()  ,,i  70  I'll  ,,.m.  Iiii>her  in  .ikIhi  that  an 
iniiu'  -•iiifiil  niij;t.i  In-  juvsmied.  to  •  ausi-  a  tlianni-  (o  the  nuiie  siin|>lc 
nicthi"],  or,  if  it  liaii  ht;en  lionc,  t.i  ]>i..U'«'t  the  roiitractoi  fiom  j.ns 
sible  li'ss  on  uncertain  'iitiicuh   work. 

We    will  now    assuin.    that  tiie  cntrait    has  JR'en    si;,'neil,    aiMJ  w,. 
are    now    reaiiy    to  ),'o   tu  work    and    huil'l    the  road.       If    we   slop  to 
considHi   lust  what  this  means  fioip  a  meohanical  |H>int   of  view,  we 
shall    then  know    best   how   to   use  ilie  means   wliich  are   nt    uui  dis 
posal   to  the  Ix'st  advantage. 

A  railway  considered  mechanically  is  an  appliance  hy  wliich  men 
and  properly  may  be  moved  ahmi;  its  path,  with  the  )ea«t  exjM«iKlitur« 
of  effort  and  greatest  facility  possible,  consistaiit  with  the  conditions 
by   which  it   is  surrounded 

The  idtial  uid  perfect  thooietical  road  isstrai^^ht  and  level, and  that 
is  the  l)esi  road  which  •nm<-^  the  nearest  to  this  ideal  that  its  con 
dilions  will  permit 

Perhaps  this  it  putting,-  I  hi'  ase  a  little  too  stron^j,  for  it  haa  been 
found  iinprai  tirable  lo  mov  ■  i  rains  .,f  greater  len^'th  llun  7r)  cars, 
.»■  has  been  tiiiind  .>'i  some  f  the  piaiiie  roads.  IJut  grades  con 
suine  fuel,  andciiives  iMriea>-i,  the  wear  in  rails  and  rollinj,' stock 
and  are  h.ird  to  mainiaii.  ui  uniform  surface.  Here  is  a  case  where 
w'c  haie  to  Cllnt^■lld  wnh  natui.il  l.iws  and  submit  •<>  the  penalty  of 
(Xtni  weiir  and  expense  in  the  use  of  our  track.  There  is  a'so 
,1'kiiImi  trouble,  when  wi  ,  -;tii;;e  direction  by  means  of  a  curve.  If 
>ur  tniiti  has  velocitv,  it  will  develope  centrifugal  force  —  but  this 
force  is  an  lement  of  ih-  seloi  ity  if  thf  velocity  is  varied  the  force 
is  varied  ilso.  The  only  way  in  win- S  the  railway  engineei  can 
utin!  r.ict  Uiis  f.;rce  is  by  placinif  the  obiter  ri>ii  higher  than  the 
innei  one.  If  the  specil  was  coiistan!  thi-:  ••  lu.d  l^'  .so  adjuster!  that 
the  force  of  gravitation  would  just  lailance  tii,'  centrifugal  force,  but 
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the  upmi  1.  n..t  .oiiitant  atui  w«  chii  only  fix  iip^n  a  coi..,.ioiui»« 
inclination  wl.i.  I,  nhall  pruvoi.t  high  Hpw-d  tiainH  liuM  l,y  their 
wheel  flanRe^  fion.  «.)inji  over  tho  oulHi.in  rail  aiirl  l„w  sp^wj  „npii 
from  Nli.linK  '"«'  I'ar.l  aKuiii.t  tlu-  inner  tail.  When  we  have  once 
lixed  u|H,u  thJM  inclination  it  is  important  that  wo  kwp  it  iinifotni  ; 
for  the  c.-ntrifu«al  force  in  uniform  for  a  fixtnl  Mpewl,  if  the  inclina 
lion  varies,  it  ,hu^m  this  fc.rce  u,  \^  irro«ularly  rcsJMteil  an<l  cauHC-a 
'^.  seneH  of  Mh...ks  t-.  \h>.  iinpartod  to  bf.ll.  th,-  rollinK  iit.K.-lt  and  tho 
track  with  ihi-  (^-nalrv  of  cxii.i  and  soint'liineH  uiifxpecl.-.J  wear.  A 
<  ivil  ennineer  of  muc  h  oxfH,ri.-M.-,.  tol.l  m.^  (.f  rails  on  ono  of  the  lines 
with  which  he  WHS  conn.cie.1  sliowini?  cxceHsive  wear  andit  wan 
only  when  he  found  oiii  l.y  „.st  th,it  ihe  inclination  wa.  not  uniform 
that  he  could  mrount  for  this  wear. 

Another  trouble  w  i.h  a  curv,-  i,  that  the  axis  of  the  tru.k,  instead  of 
l.eii.«  parallel  w.ih  ilmt  of  il,e  ,  „r  hody  must  asHunie  a  ,K,sition  at 
ri^ht  an«h-s  lo  a  differ,  nt  radius  fro,,,  t  iu.t  to  which  the  axis  of  car  h<Kly 
uat  riKhtan.deM.thai  is  to  say,  ili.y  cliaiifie  from  parallel  to  an  angle 
li.e  one  wi,h  .he  other  As  .he  ,,„ck  is  relatively  very  short,  at 
hi-h  s(R.ed  on  a  cu,  ve  of  ,h,„.t  ,.,tdius.  this  change  n„iy  take  place 
Hlmost  insian.ly  .hat  is  to  sav,  il.c  change  co.i.es  as  a  sluH^k  or  b'ow 
which  pr.«iucps  wear  an.l  inju.y  in  proportion  to  the  s.p.are  <,f  the 
velocity.  Fortunately  this  can  I,-  ,„et  hy  a  spiral  .  urve,  that  is  to 
Hay  hy  conipoundi.iK  the  curve  f,u,i,  tho  radius  infinity  of  the  tan 
jient  till  it  iMTomes  that  of  the  curve  of  location.  This  cotppound 
curve  beii.R  extended  over  such  a  distance  as  willln'st  suit  tho 
conditions  of  the  particular  rosid. 

We  see  thenforo  that  it  is  necessary  that  the  track,  which  14 
the  engineers  part  loget  in  place,  shoul.l  he  maintainecJ  in  constant 
line  and  suifa.e,  to  Ik.  economi.ally  operated.  In  order  to  maintain 
It  in  this  condition  it  is  desirable  that  we  have  uniform  material. 
This  we  cannot  «et  except  it  1^.  broujjht  from  one  place  whore  the 
best  can  Ikj  found  Therefore  we  form  the  giade  low  at  first  and 
supjort  our  track  on  ballast.  Hut  no  material  is  the  same  when  wet 
as  when  dry.  Therefore  we  ,„usi  keep  it  as  dry  as  we  can,  and  the 
real  secret  of  good  railroading  is  to  keep  an  excess  of  water  away 
from  the  ballast  after  the  road  is  once  ballastecj. 
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